UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

A computer program to calculate
the resistivity and induced polarization response
for a three~dimensional body

in the presence of buried electrodes

by

Jeffrey J. Daniels

Open-File Report 77=153

1976

oL0G!ICAy
LIBRARY U’?pe

FEB221077

DENVER

(Poor Copy--better copy
not available)

This report ig preliminary and has not been edited or

reviewed for conformity with U.S. Geological Survey
standards and nomerclature.

5



A computer program to calculate
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for a three-dimensional body
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. by Jeffrey J. Daniels
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Abstract

Three-dimensional induced polarization and resistivity modeling
for buried electrode configurations can be achieved by adapting
surface inéegral techniques for surface electrode configurations to
buried electrodes. Modification of. the surface technique is
accomplished by considering the additional mathematical terms required
to express-the changes in the electrical pofential and geometr§ caused
by placing the source and receive£ electrodes below the surfaﬁe.

This report presents a listing of a computer program to calculate
the resistivity and induced polarization response from a
three-dimensional body for buried electrode configurations. The
program is designed to calculate the response for the'following
electrode configurations: (1) hole-to-surface.arrayréithla buried
bipolexsource~and a surface bipole receiver, (2) hoie-to-surface array
with a buried pole source and a surface bipole receiver, (3) hole-to-hole
array with a buried, fixed pole source and a moving bipole receiver,
(4) surface-to-hole array with a fixed pole source on éhé surface and

a moving bipole receiver in the borehole, (5) hole~to-hole array with
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a buried, fixed bipole source and a buried, moving bipole receiver,
(6) hole—to—ﬁole array with a buried, moving bipole source and a
buried, moving bipole receiver, and (7) single-hole, buried
bipole-bipole array. Input aﬁd output examples are given for each of

the arrays.

Introduction

A computer program was developed to calculate the theoretical
apparent résistivity and apparent polarizability response for
electrodes buried beneath the earth's surface in the presence of an
arbitrarily shaped three-dimensional body. The program generates the
response for three-dimensional ellipsoids of revolution for the
following electrode configurations: (1) hole-to-surface with a buried
bipole source and surface biﬁole receiver, (25 hole-to-surface with a
buried pole source and a surfacg bipole receiver, (3) hole-to-hole
array with a buried, fixed pole scurce and a moving bipole receiver,
(4) surface-to-hole array with a fixed pole séﬁrce on the surface and
a moving bipole receiver in the borehole, (5) hole-to-hole array with
a buried, fixed bipple source and buried, moving bipole receiver,
(6) hole-to-hole arréy with a buried, moving bipole receiver, and
(7) single-hole, buried‘bipole-bipoie array. These érrays are
illustrated in fig. 1 (ARI—AR7), and input and output examples for
these are given in 4ppendix A. The computer program is a modification
of Barﬁett’s (1§72) three-dimensional IP m&deling meth;d for surface

™

configurations to buried electrode configurations.
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Hole-to-hole measurements a?e made by placing a current source
pole or bipole in a borehole and a pole or bipole potential receiver
in an adjacent borehole. The potential difference caused by the source
is measured at discrete points in the receiver borehole. The source
can be held at a stationary position'(fixed source) for all of the
potential measurements or the source can be moved when éach potential
measurement is made (moving source). A recent publication by Scott, et
al. (1975) shows an application of hole-to-hole resistivity, induced
polarization, and seismic measurements.

Hole-to-surface measurements are made by placing a pole or bipole
source dewn a borehole and making.surface bipole meésﬁrements radially
away from the source hole. Theoretical studies of surface potentials
due to inhole current sources have been described by Merkel (1971),
Merkel and Alexander'(197lj, and Snyder and Merkel (1973).

Wide~spaced single-hole arrays use a pole or bipole borehole
source and a pole or bipole potential receiver in the same borehole.
Several different source-receiver s?ﬁcings can be used making a set of
measurements similar to those made with a conventional surface
dipole-dipole array. These measurements require-oﬁly one borehole and:

can be made with a wireline device. . -

Theory
Figure 2 shows the combination of electrodes used .in this study.
The surface of the three-dimensional body is indicated By the letter

"C", whereas the surface of the body's image in the upper halfspace is
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A= RESISTIVITY OF THE BODY
n, = INTRINSIC, INDUCED POLARIZATION OF THE MEDIUM SURROUNDING THE BODY

ny= INTRINSIC, INDUCED POLARIZATION OF THE BODY
Ag,B4 ARE THE BURIED SOURCE ELECTRODES
Mg, Ng¢ ARE THE BURIED RECEIVER ELECTRODES

A,B ARE THE SURFACE SOURCE ELECTRODES
M,N ARE THE SURFACE RECEIVER ELECTRODES

Ad, Bd ARE THE REFLECTIONS OF THE BURIED SOURCE ELECTRODES
X XS,X ARE HORIZO\JTA' DISTANCES S '
Q,P PC P,C ARE POINTS REFERRED TO IN THE EQUATIONS IN THE TEXT

FIGURE 2 — THREE DIMENSIONAL BODY AND ELECTRODOE
POSITIONS FOR THE MODEL USED IN THIS STUDY
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designated by the symbol " A1l depth and distance used are
normalized by the receiver-bipole spacing ”a". A bipole is a finitely
spaced electrode pair. The following is a brief outline of the theory.
A more complete outline is given in appendix B and in papers by ﬁa%nett
(1972) and Daniels (1977).

For a conventional "bipole-bipole" surface configuration, where
either the source and(or) the receiver is on the surface, the equatioﬁ

for apparent resistivity is
" a 1 1 1 1 S €9 B

A - +
o Rae - Ran _Pm oy

3 R . )
where PAM’ AN’ RBM’ and RBN are the respective distances between
electrodes A, M, N, and Bj; UM is the electrical potential at point Mj

U.. is the electrical potential at point N; and I is the electric

N

current. When both the source and receiver are buried, the apparent

resistivity formula becomes

,p‘= l .'.zn-‘: s et P
Pa 5, 1 1 1 TS N Y
= - + + - - . .
. . R R R RV RV A +
cofam,  faw . ' : 5
A A B B CAdMa Ada BdMa - B
e ;AU '
o ~(>£d Nd) - (2)
IA

Barnett has shown that the expression for apparent polarizability can

v

be expressed in a convenient computational form as
L - 2.3
"M -x) °fa

f'“2 - nl. ,2,08 9K
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where n, is the apparent polarizability, is the polarizability of

i)

the body, n is the polarizability of the surrounding medium,
Py = Py

K = ——— = resistivity reflection coefficient, p is the apparent
Pqy + °1 a

resistivity, Py is the resistivity of the body, and Py is the

resistivity of the surrounding medium. Eé-x 100 is the same as Bz(z)
‘ 2
presented by Snyder and Merkel (1973).

The expression for the potential UM at a point Md due to a
d

current source at Ad has been written by Barnett (1972) as

&

R - P IR
- Py 1 _ .1 . fq 1 _gc+ | av-tgttl
b \Ry, R SR T L PR
N\ —did. : C d. . o 8,_ . .d.'

- de

where op and og represent the equivalent surface charge density
n, n,
distributions at points p and p on the body, C, and its image, C, and

R , R s R.., and Ry, are the distances shown in fig. 2. The
A M, Xde pM B

computational form for this equation is

B S - .
‘U, = + -+ L S (AH (M)} (5)
T Hd . b | RAH Rx M {=1 i d L ' d

!
;
!

dd dad ' S |

where the surface of the body is divided into N triangular facets and
/ . - N
Si(Ad) and Hi(Md) are the source and receiver response contributions

from each individual body-facet (Barnmett, 1972). If the current source



is at Ad, and a current sink is at Bd’ the potential difference

between points Md and Nd becomes

- N b4y IR RV T R - R. -
Fagty . Ade,;éBde Rngd__ Ay

T+ '+X [(S(A)-S(B))(H(M)-HN (6
RB RB PR C ))]} (6)

The derivative of the potential difference with respect to the
resistivity reflection coefficient is

8Ty 30y o1y

d a Pty Ty
ek 3K 2 ial[(Ti(Ad) T ) @ 0 - H (N ))] ™
3s, (4,)

where Ti(Ad) = (Barrett, 1972). Substituting equations (6)

3K
and (7) into equations (2) and (3) respectively, the final computational

form for the apparent resistivity normalized with respect to Py is

N . . - - : J— .- - S .4 -
., _ | §=1£(81(Ad‘) -5, (BN (L, 1)) - BN
5 1t P R S U S S W
- E Rv R W R R . "Ry
o LR A Sy Tagy A RB;sz - Bdlq

’
’

(8)

and the computatlonal expression for apparent polarlzablllty is
N

L e (1 - K) D[, (A) =T, @) @ (M) X md))}w.
nh - “1 ;. .. i 1 S : 1.
S T T S NS WSS R WA
2t + - -
: R, ' . RY v, - R Ry R T Ry
AMyr A RBM lRBde. 'Adl'qd ANy Byl ‘ 'de
(C) B



A more complete development is given in appendix B.

Explanation of the Computer Program

The computer program which generates the three-~dimensional body
and calculates the response for the various arrays was developed on a
Digital Equipment Corporation (DEC) PDP-10 computer;l/ The program
outlined in fig. 3 is written in FORTRAN IV. The input and the output
device is disk (input disk is specified as logical unit 13, output disk
is logical unit 14), which is specified in "COMMON" and can be easily
changed.

An ellipsoid of revolution, with 72 facets, is‘generated by the
program when the x, y, and z half-width (a, b, and C) of the body are
specified. The response for an arbitrarily shaped body may be
calculate@ by eliminating the call to SUBROUTINE BODY3D and changing
SUBROUTINE READ3D.

Input and output examples for the seven diffgrent arrays are
given in appendix A. The sphere model used for these examples is
shown in fig. 4, 'A listing éf the computer program is given in
appendix C. Computation time for one set qf méasurements is
approximately 1 minute of CPU time on the PDP-}O.i

Since this is a one-of-a-kind computer progfam, it is impossible
to absolutely verify the results. However, I havé‘made a rough check
with Snyder's and Merkel's (1973) hole-to-surface idealized sphere

model. /
1/

~— The use of brand names in this report is for descriptive purposes
only and in no way comnstitutes endorsement by the U.S. Geological Survey.
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X-DIAMETER =1.0 UNIT
Y-DIAMETER =1.0 UNIT.
Z-DIAMETER = 1.0 UNIT

Z
' FIGURE 4.— THREE DIMENSIONAL MODEL USED FOR

- TEST CASES.
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Appendix A

Input-output examples
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HOLE-TO-SURFACE .

- BURIED BIPOLE SOURCE -
. SURFACE BIPOLE RECEIVER |

INPUT DATA

]

AR _AR=1{ HOLE TU SURFZCE H1POLE SGURCE
K- 1, _o—DEPTH OF BODY
TTe0,3,2 S DISTANCE BETWEEN MEASUREMENTS

Y- POS/T/ON____..-»—O 0,045,729 ¢~ NUMBE/‘? OF MEAS‘UF?EME/VT PO//V?'S

. OF PROFILE "3 r0.0,2,3,
;- 54,5045 QDEPTH OF LOWER SOURCE ELECTRODE

- /
gFngc//fT?cog DEPTH OF UPPER SOURCE ELECTRODE
‘ Y-POSITION
" OF SOURCE
X-HALFWIDTH
" OF BODY Z-HALFW/DTH

S Y-HALFWIDTH

14
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OUTPUT DATA

3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE: 24=JUN=T76

TIMES 10:28 PAGE!

INPUT CONTROL PARAMETERS:

KVALU
DEPTH 2450
EXECU

DESCRIPTION QF MCDEL:

Z=CODORDIHATE

-0'30000

AR=| HOLE TOQ SURFACE
BIPOLE SQURCE

TOP =0,5000000 ¢,0000000 0,0000000
COHTOUR 1 »0,2500000 0,2386751 0,322748%6
0,0060000 ¢,4330127
»0,2886751 0,3227486 =0,4330127 0,0000000 =0,2886751
»0,1443376 =0,4082483  0,0000000 =0,4330127
0,2686751 «0,3227486  0,4330127 0,.0600000 .
CONTOUR 2 0,0000000 0,1666687 0,4714045
«0,1666667 0,4714045
»0,5000000 9,0000000 =0,3333333 =0,3726780 =0,15R66R7
0,0000000 =0,5000000 0,1666667 w0,4714045  0,3333333
0,5000000 0,C000000 0,3333333 0,37268780
CONTOQUR 3 0,2500000 0,0000000 0,4330127
. =0,2886751 0,3227486
«0,2886751 =0,3227486 w0,1443376 =0,40872433
0,1443376 ~0,4082%83 0,2%R6751 =0,3227486  0,4330127
0,2886751" 0,3227486  0,1443376 (,40424R3
BOTTOM 0,5000000 0,0000000

0,0000000

15

0,1443376
=0,1443376
~0,3227486

0,14433706 =0,4082483

0,0000000
~0,43333333

=0,4714045

=0,3726780

-0,1443376
-0,4330127

0,0000000 =0,4330127

0,0000000

(X,Y)=CO00RDINATES IN PAIRS ewsweswsmeaes

0,4082483
0,4032483

0,500000¢
03720780

G,4062483
¢,0000000



3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATES 24~=JUN=76 TIME: 10¢28

DESCRIPTION OF MODEL AR={ HOLE TQ SURFACE
BIPOLE SOURCE

REFLECTION COEFF, K ==0,30000
DEPTH = 2,50

EEEZ 2R 2R A I e e e
BURIED BIPOLE SOURCE,SURFACERIPOLE RECEIVER
AR RS ST S e R R e R R e L

UPPER SOURCE= 2,000

LOWER SOURCE= 3,000

X=SOURCES .2,000

Y=SOURCE= 0,000

Y=pROFILE= 0,000

X=RECEIVER APPARENT APPARENT

"POSITION RESISTIVITY POLARIZABILITY

10,500 ,998608E400 0219814E=02
~10,000 ,998663E+00 +210880E=02
«9,500 ,99€720E400 2 201754E=02
«9,000 s 393778E+00  ,192456F«02
=8,500 . 998837E+00 1B3029E=02
8,000 2998897400 . L,173512Ew02
7,500 W996957E400 1639E5F=02
w1,000  L999016E+00 ,154581E=02
-6,500 L,399073E400 ,145493Ea02
6,000 L 299127E+00 «137024E=02
5,500 L9991{73E400 129664Em02
«5,000 L 998207E+00 W 124240502
. =4,500 s 999220E4+00 0 122253F=02
© 4,000 . 999193F+00 ¢126335Em072
«3,500 L 399078E400 144302Ea02
*3,000 W996726E400 2 199481Fa02
=2,000 «170144E+39 L100000E+01
1,500 «100367E401 w,5712425m02
~1,000 £100213F401  =,332900E«02
=0,500 ¢100109E4+01 «,170120Ea02
0,000 7994468400 «359055E=03
0,500 W 997121E400 c4504707=02
1,000 (994683F+00 ,835363E=02
1,500 s 992815E400 W 113208E=01
2,000 W991791E+00 , 129559 w0y
2.500 9914658400 134509K=01
3,000 +991581K+00 ,132991E01
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3,500
4,000
4,500
5,000
5,500
6,000
6,500
7,000
7,500
8,000

\991964F400
«992430£400
,992871E400
«993300E400
.993694E400
, 9940488400
«994365F400
¢ 994647E+00
, 9948995400
«995125E+00

,126930E=01
L 119558E01
«1125358E=01
,105759E=01
,995339E=02
,939359E=02
 B89414E=02
,844951E=02
+BUSIA5ER02
. 769987E=02
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- HOLE-TO-HOLE |
BURIED, FIXED POLE SOURCE

BURIED, MOVING B!PQ_LE RECE!VER

~ INPUT DATA

o ”ﬂ(ﬁz,_n.' e )
' AR=3 HOLE T0 HOLE PIXFD SOUKCE POLE
" 3'
’ 'O|311c5
© 244040,0,5,10,

.ztloi-«ofzo
- 15'05'!5.

18



OUTPUT DATA

3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

PDATEY 24=JUN=76

INPUT CONTROL PARAMETERS}

KYALU
DEPTH
EXECU

DESCRIFTION OF .MODEL}

TO0P
CONTOUR 1

"0, 26886751
~0,1443376
0,2886751
CONTOUR 2

«0,5000000
0,0000000
0,5000000
CONTCUR 3

-0,2886751
0,1443376
0,2886751
BOTTOM

»0,30000
1,50

11123 PAGE:

AR=3 HGLE TO HOLE

FIXED SOURCE POLE

LT 2 T0 T P8 ¥ Fov)

0,268868751 0,32274%6 041443376 0,4082483
0,0000000 0,4330127 =0,1443376 0,4082483

0,1443376 =0,4082483

0,1666667 0,4714045 0,0000000 0,5000000
~0,1666667 (,4714045 =0,3333333 0,3726780

0,.3333333 »0,3726780

0,0000000 ©€,4330127 =~0,1443375 0,40824483
=0,2886751 (,3227466 «=0,4330127 0©,0000000

19

Z=CUORDINATE (X,¥)=COORDINATES IN PAIRS
=0,5000000 0,0000000 0,0000000
=(0,2500000
0,3227486 =0,4330127 0,0000000 =0,2886751 =0,322743%6
=0,4082483 0,0000000 «0,4330127
=0,3227486 0,4330127 0,0000000
0,0000000
N,0000000 =0,3333333 «0,3726780 =0,1566667 =0,4714045
=«0,5000000 0,1666667 =0,4714045
0,00C0000 043333333 0,3726780
0,2500000
w(,3227486 =(0,1443376 =0,4082483 0,0000000 «0,4330127
-0,4082433 0,283€751 =0,322748¢6 0,4330127 0,0000000
0,3227486 0,1443375 0,4082483
0,50G0000 0,0000000 ©,00¢0000



3=DIMENSIONAL IP AND RESISTIVITY MODELLIWG PROGRAM

DATE?S 24-QUN-76 TIME: 11128

DESCRIPTION OF MOUDEL3 AR=3 HOLE TU HOLE
FIXED SOURCE POLE

REFLECTION COEFF, K ==0,30000
DEPTH = 1,50

R REHREREARRERAKFE AU SRR SRR
BURIEL POLE SOURCE, BURIED BIPOLERRECEIVER
330 369 A 3 2 B RN

UPPER SOURCE= 0,000
LOWER SOURCE= 2,000
X»SNURCE= «2,000
Y=SOURCE= 0,000
X=RECEIVER= 2,000
Y«RECEIVERS 0,000
RECEIVER APPAREKT APPARENT
DEPTH RESISTIVITY POLARIZABILITY

1,000 «S88036E400 e 192324E=01
1,500 «10098QE+04 »,184555E«01
2,000 J102088E40L  =,3221445-01
2,500 «102042E+01 =,3181C1E=01
3,000 2 101539E401 =,2408508an]
3,500 J101C41E+01 = ,163074K=01
4,000 J100689E401 =, ,108710E«0Q1
4,500 100465E401 =,7360%4F«02
5,000 2 100325E4921 = ,515087Em02
5,500 2 100236E401 w,373%68Ea02
6,000 s100178E4C0] ~,282625E=02
S 6,500 21001398401 =,220004E=02
. 7,000 10011 1ES01 w,176749E=02
L T4500 1000917401 =,1446%A/FRe(2
‘8,000 «100076E401 =,121151E=02

8,500 e100064E4+01  =,103006%=02

9,000 «100055E401 »~,2R8375=03

9,500 +10004BE$01 =, 775617E-03



HOLE-TO-HOLE
~ BURIED, FIXED BIPOLE SOURCE
- BURIED, MOVING BIPOLE RECEIVER

“INPUT DATA
. R=5 HOLE=TO<HOLE " FIXED SOURCE
-5
.6.3f1 5
2,,040,.25,11
..2000!012c!3
._.5'.5.’ 5

21



- OUTPUT DATA

3=DIMENSIONAL IP AND RESISTIVITY HODELLING PROGRAM

DATE? 24=JUd=76 TIME: 12106 PAGE:

INPUT CONTROL PARAMETERS:

KVALU =(0,30000
DEPTH 1,50

EXECU

R=5 HOLEaTO=HOLE

DESCRIPTION OF MODEL:
) FIXED SQURCE

Z=CODRDINATE (X,Y)=COORDINATES IN PAIRS

TOP _ =0,5000000 0,0000000 0,0000000
CONTOUR { “0+2500000 0a2880751 043227486 0¢1443376

0,0000000 0,4330127 =0,1443376
=0,2888751 0,3227486 =0,4330127 0,0000000 =0,288A751 =0,3227486
=0,1443376 «0,4082483 0,0000000 «0,4330127 0,1443376 =0,4082483
0,268RB6751 w0,3227486 0,4330127 0,0000000
CONTOUR 2 0,0000000 0,1666867 0,4714045 0,0600000

~0,1666667 0,4714045 =0,3333333

-0,5000000 0,0000000 w0,3333333 «0,3726730
0,0000000 =0,5000000  0,1666467 w0,4714045
0,5000000 0,0000000  0,3333333 0,3726780 -
CONTOQUR 3 0.,25G0000 0,0000000 0,4330127

: ~0,2886751 0,3227486
«0,2856751 =0.3227486 =0,1443376 n0,4082483
0,1443376 w0,4082483  (,2886751 =0,3227436  0,4330127
0,2886751 0,3227486  0,1443376 0,4082433
BOTTOM 0,5000000 0,0000000 0,0000000

22

“0,1666667 =0,4714045
0,3333333 =0,3726730

»0,1443375%

0,0000000 =0,4330127

0,0000000

CE LI T P Y ¥ R

0¢40824383
0.,4082483

0.,5000000
3726780

C,4082443
0,0000000



3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

24=JUN=76

DATE? TIME: 123106

R=5 HOLE=«TDeHOLE
FIXED SQURCE

DESCRIPTION OF MODELY

REFLECTION COEFF, K ==0,30000
DEPTH = 1,50

HUXLBRELHERERAG LS AX LR XX U TR HR S

23

BURIED BIPOLE FIXED S0URCE, EURITZDRIPAOLE RECEIVER

ERERBEXSRRERBRR R R A RR R R F AT H S

UPPER SNURCE= 2,000

LOWER SOURCE= 3,000

X=SQURCE= «2,000

Y=SQURCE= 0,000

X=RECEIVER= 2,000

Y«RECEIVERS 0,000
RECEIVER APPARENT APPARENT
DEPTH RESISTIVITY POLARIZABILITY
0,750 1978771E400 «341950E=01
1,000 9635062400 22634128=014
1,250 ,9%9042F400  ,172621F=01
1,500 9943208400 e79C791Em02
1,750 +100023E¢01 =»,729730%«0(3
2,000 1004752401 =,787284E=02
2,250  L100811E401 =,131193%a01
2r590 .101030i+01 ﬂ,155037ﬁn01
2,750 «101152E401 =,183671Fa01
3,000 ,101206E+401 »,191650Ee0C1
3,250 ,101220F401 =,193646E=Q}

L 3,500 ,101219£401 =,193361E~01

3,750 01012208401 =»,193453E=01

4,000  ,1012365401 =,19A034E=01
4,250 « 1012818401 =,203079E=G1
4,500 «101364E401 »,216319E=01
4,750  L101511E401 =,239403F=01
5,000 01017638401 =,273027E«01
5,250 01022175401 = ,3497347«01
5,500 »103193E+01 = ,493%566E=01
5,750 2108326E401 =»,96{RE7Fa0]
65,000 «S95944Ea0y «258781E+02
6,250 W 347078E400. 906410801
6,500 «973251E400 W24PB628FE =)
6,750 «3822098+00 4 294903E=01
7000 2 9866883E400 e220189E=01
74250  989339E+00



7,500
7,750
8,000
8,250
8,500
8,750
9,000
9,250
9,500
9,750
10,000
10,250
10,500
10,750
11,000
11,250

,991082E400
. 9923055400
,993204E400
,993898E400
,994423F4 00
,994851E400
¢395199E400
L995487E400
,995727E490
« 9957298400
s 996102E+400
,995250E400
,996377E4060
4 000000E400
L000000E+00
«000000E400

W1474185w01
e127379E01
112611201
.101441E01
,927308E=02
«A57914FE=02
,801664F=02
755420502
«716952E=02
W684643Em02
.657294E=02
W$33962E=02
WH14011Em02
L000000F+00
«000000E+00
«000000E+CO

24



o l—IOLEFTO-HOLE |
BURIED, MOVING BIPOLE SOURCE
BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

AR=6 HOLE=~TO=HULE MOYING SOURCE
6o

=0,3,;,1.5
2,00.0,0,25,11,
‘w2,40,0

1e5745

len na

L2

25



t

OUTPUT DATA

J=pIHUENSIONAL IP AND RESISTIVITY ORELLING PROGRANM

DATE: 24=JUN=T76 TIKE:t 12314 PAGE: -

INPUT CONTROL PARAMETERS}

KVALU =0,30000

DEPTH 1,50

EXECU

DESCRIPTION OF MODEL: AR=6 HOLF=TO=HOLE

MOVING SOURCE
ZeCOORDINATE (X, Y)=COORDINATES. LN PAIRS wewewmeaws=cw
P0p =0,5000000 0,0000000 0,0000000
CONTOUR 4 =0,2500000 0,2885751 0,3227486  0,1443376 0,4022483
0,0000000 0,4330127 «0,1443376 0,4052483

=0,2886751 0,3227486 =0,4330127 0,0000000 «Q,28B67581 =0,3227456

=0,1443376 ~0,4082483  0,0000000 «0,4330127  0,1443376 «0,4082483

0,28R6751 =0,3227486  0,4330127 0,0000000

CONTOUR 2 0,0000000 D,1666657 0,4714045  0,0000000 0,5000000
=0,1665667 0,4714045 =0,3333333 ©,3728780

=0,5000000 0,0000000 ~0,3333333 «0,3726780 =0,1666667 =0,4714045

0,0000000 =0,5000600¢ 0,1686667 »0,47146045  0,3333333 =~0,3726780

0,5000000 ©,0000000 0,3333333 0,3726780 -

COHTOUR 3 0.2500000 0,0000000 0,4336127 =0,1443376 0,4082483
=0 ,2886751 0,3227485 =0,4330127 ©,0000000

w0,2883751 »0,3227486 =0,1443376 -0,40824F3  0,0000000 =0,4330127
0,1443376 «0,4062483  0,2886751 ~0,3227485  0,4330127 0,0000000
0,2386751 0,3227486  0,1443376 0,4082453

BOTTOY 0,5000000 0,0000000 0,0000000

26



J=pIMENSIONAL IP AND RESISTIVITY MOpELLING PROGRAM

DATEY 2

4=JliNeT6

DESCRIFPTION OF MUDELg

TIME?

12114

ARz6 HOLE-TO«HOLF
MOVING SQURCE

REFLECTION COEFF, K ==0,30000

DEPTH =

1.50

3 % 9 3 3 3 30 M A I I N e N

BURIED sIPOLE MOVING SOURCE,BURIED BIPOLERECEIVER

W 3 0 ¥ e 35 o A I B SRR AR YR

X«S0URCE=
Y=SUURCE=

X=RECEIVER=
Y*RECEIVER=

RECEIVER
DEPTH

O
- - e &
N O 3
TS o
oo Ne)

00
1,750
2,000
2,250
2,500
2.750
3,000
3,250
3,500
3,750
4,000
4,250
4,500
4,750
5,000
5,250
5,500
5,750
6,000
6,250
6,500
6,750
7.000
7,250
7,500
74750

“2,000
0,000

2.900
0,000

APPARENT

APPARENT

RESISTIVITY POULARIZARILITY

«981031E400
e 977376E400
2976248%400
,975436E400
2869245400
2998658362400
+ 1005098401
1010302401
1011832401
L101076E404
L100¥53E401
J100818E401
1004227401
«100277E401
«100178E401
100112401
L100069E+01
1000435401
«100026E401
«100015E+01
s JON010E4+01
«10000HE+01
L100003E+01
«100002E401
+100001E+01
dl02000E+01
L100900E+01
,399999E400
LU99IAREL 00

,301491Em=01
362583501
,381801K=01
V328914F =01
,2056575=01
,503984F =02

-,346306Fa02
- 165037E~01
=, 187483E~01
-, 169747501
«,134282E=01
©,972554K=02
ny 663548Fm02
«,435051E~02
-, 277940E02
-, 174295502
"y 10791CFn02
. 559909C=03
-, 400701F=03
=, 240227E=03
- 141944503
m R27301E=04
« 457493Em04
-, 234697E~04
-y 102049E=04
«, 247950505

L J45553F.08
¢ A13070E~05_
2 5171048-05



8,000
8,250
8,500
8,750
9,000
9,250
9,500
9,750
10,000
10,250
10,500

,999998E400
.9989982400
«992995E400
<999998E400
.999998E400
+9Y999EE4+00
,999998E400
, 9999995400
,999999E400
«999999E+00
«999999E+00

,548506F=05
,538617E=n5
506644F w05
L 464166F=05
«4181338-05
372462505
. 329306E=05
2896744 w05
(253971E=C5
222244105
(194278BFn0S

28



SINGLE HOLE
MOVING BIPOLE SOURCE

MOVING BIPOLE RECEIVER

INPUT DATA

" TAR=7 SINGLE=HOLE N=3
7 ’

'-0.3l3.5

“2.,0.0’.5'10.

3 ‘

;_:Sloslos‘

29



DATE?

24=JUlN=T5

OUTPUT DATA

3=pIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

TIME: 12127

INPUT CONTROL PARAMETERS:

KVALU
DEPTH
EXECU

CESCRIPTION OF MODELY

TOP
CONTOGH 1§

w0,2886751
.0,1443376
0,2886751
CONTOUR 2

«0,5000000
¢,000%050
0,5000000
CONTUUR 3

-0,2886751
0,1443376
0,2886751
BOTTON

=0,30000
3,50

PAGE?

Z=COORDINATE

AR=7 SINGLE=HULE N=3

(X,Y)=COORDINATES In PAIRS

TR A 2 A R B R B R X A J

30

=),5000000 0,0000000 0,0000000
»0,2500000 0,2886751 0,3227486  0,144337% 0,4082483
0,0000000 0,4330127 =0,1443375 0.,4082483
0,32274856 w,4330127 0,0600000 =0,2886751 =~0,3227486
=0,4082483  0,0000000 =0,4330127 0,1443376 =0,40824R3
=0,3227486  0,2330127 0,0000000
0,0000000 0,1666667 0,4714045 0,0000000 ©,5000000
-0,1666667 0,4714045 =0,3333333 0,3726780
0,0000000 =0,3333333 =0,3726780 =0,1666687 ~0,4714045
=0,5000000 0,1686667 =0,4714045  0,3333333 =0,3726780
0,0000000  0,3333333 0,3726780 -
0,2500000 0,6000000 0,4330127 =0,1443376 ©,4082483
«0,2885751 0,3227466 =0,4330127 0,0000000
=0,3227486 «0,1443376 «0,4082453  0,0000000 =0,4330127
«0,40824R3  0,2886751 =0,32274%%  0,4330127 0,0000000
0,32274856  0,1443376 0,4082423 ,
0,5000000 0,0000000 0,0000000



3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE: 24=JUN=76 TI®E: 123127

DESCRIPTION OF MUDEL: AR=7 SINGLE=HOLE N=3

REFLECTION COEFF, K ==0,30000
DEPTH = 3,50

(222222 LLLZ LRSS LR R L 222 L
SINGLE HULE,B;PCOLE~BIPOLE
BUUL RS HDRERERFSSEER TR LR BA S

X=POSITION OF HOLE=S 2,000

Y=PUSITION OF HOLEs 0,000
RECEIVER APPARENT APPARENT
DEPTH RESISTIVITY POLARIZABILITY
3,000 + 9971008400 c462375E-02
3,500 2 997080E+00 L 4646585F=02
4,000 ¢ 997170E+00 WA45965E=(2
4,500  ,997418E400 (401191702
§,000 . 997986E400 2 3100145=02
5,500 L 99RBS4AE+00 (1768910502
6,000 - ,999683F400 2533146E«03
6,500 «100016E461 =,218523K«03
7,000 (1000288401 =, ,4345H8E=03
7,500 2 100023E401 =,371253E=03
8,000 2 100085E401 =,001999Z~03
8,500 «100037E401 =~,612885F w03 -

31



" HOLE-TO-SURFACE
BURIED POLE SOURCE
SURFACE BIPOLE RECEIVER

INPUT DATA

| I: AR=2 HOLE=TO=SURFACE SOQURCE POLE
2,
=0,3,1,5
0.0'0.5’20'
, »2470¢0,2,5
‘ -5! 5 15

32



OUTPUT DATA’

3*DIMENSIONAL IP AND RrESISTIVITY MODELLING PROGRAM

DATE:

24=JUti=T70

TIME: 1C336

INPUT CUNTROL PARAMETERS

KVALU
DEPTH
EXECU

DESCRIPTION OF MUDEL}

70p
CONTOUR

w0,2886751
~0,1443376
0,2886751
CONTOUR 2

=0,5000C00
0,0000000
0,5000000
COLTOUR 3

.0,2886751
0.1443376
0,2866751
BOTTOM

'0.30000
1,50

SOURCE POLE

Z=CUORDIIATE

=0,5000000 0,0000000
=0,2500000 0,288675)
0.0000000

0,3227486 =0,4330127 0,0000000
~0,4022483  0,0000000 =0,4330127

-0,3227486  0,4330427 0.,0000000
0,0000000 0,16R5667
. =0,1666567

0,0000000 =0,3333333 =0,3725780

»0,5000000 0,1666667 m0,4714045
0,0000000 ©,3333333 0,3728780
0.2500000 0,00060000
"0.2866751

=0,3227486 =0,144337h =0,4082483

~0,4082483  (,2856751 =0,3227486

0,3227486  0,1443376 0,4042483

0,5000000 0,0000000

33

(X, Y)=COORDINATES 1IN PAIRS

PAGE!

AR=2 HOLE=TJ=SURFACE

0,000000Q0
0,3227486 0,1443376
0,4330127 =0,1443376

«0,2886751 «0,3227486
0,1443376 =0,4082483

0,4714045  0,0060000

0,4714045 =0,3333333
n0, 16665667 =0,4714045
0,3333333 =0,3726780

0,4330127 =0,1443376

0,3227486 «0,4330127
0,00060C0 =0,4330127
0,4330127 0,0000000

0,0000000

0,4082483
0,4082483

"0,5000000

0,3726780

'0,4082433

0,0000000



3=DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE] 24=JUNe76 TIME: 10136

AR=2 HOLE«TO=SURFACE
SOURCE POLE

DESCRIPTION OF MOUDEL:

REFLECTION COEFF, K ==0,30000

DEPTH =

1.50

2T R R R R R L TR e s T L
BURIED POLE SOURCE,SURFACEBIPOLE RECEIVER
U0 I I IR

UPPER SOURCE= 0,000
LOWER SOURCE= 2,500
X~SOURCE= -2,000
Y=SOURCE= 0,000
Y=PROFILE= 0,000
X=RECEIVER APPARENT APPARENT
"POSITION RESISTIVITY FOLARIZABILITY
=10,500 «999472E4+00 84591 0F=«03
»10,000 «999455E+00 eB872770E=03
«9,500 19994372400 ¢901742E=03
=9,000 0 999417E+00 ,933225E=03
8,500 ¢ 9993952400 967768503
=8,000 ,999371£400 L 100616F=02
=7,500 2 999344E400 e 104957E=02
=7,000  ,999312E+00  ,109979E=02
=6,500 ,999275E400 ,115970E=02
=5,500 9991675400 v 133123Ea02
«5,000 L 9990828460 W 146h68ER02
4,500 :998955E4+00 0 167017E=02
4,000 e 298743E+00 s 2009045 =02
»3,500 W 3983545400 0263302802
«3,000 s 997521E4+00 2397423 w02
=2,4500 49950035400 805302Ea02
=2,000 170141E438 «1000G0E+C1
»1,500 f100020E401 = ,637920FE=03
1,000 ¢ 992922E+00 b 1112297 =01
0,500 L 965694E400 0 229200T=01
0,000 9R4036E+00 «257835Km0
0,500 99181T7E+00 «137235¢ka01
1,000 s 100L40E4+01 =,207615Ee02
1,500 L10N66BESC] =, 104180Em(1
2,000 JIO07TSE+01 @ ,1211726=01
2,500 2 100710E401 =,11119CF=01
3,000 L100608E401 = 9543128m02

34



3,500
4,000
4,500
5,000
5,500
6,000
6,500
7,000
7,500
8,000

100514E+01
«100434E4+01
«100371E+401
«100320E401
+1002E80E4+01
21002438401
«100221E+401
L1001998401
«100181E401
+100165E+01

-.ﬂ06429E"02
w,HH1831¥eC2
« 542415602
=,503712E=02
-, 4405T3E=(?2
©,389492ER02
=,347673E=072
=,313029F=0C2
w,284000E=02
»,259418E=02

35



4

SURFACE-TO-HOLE
SURFACE, FIXED POLE SOURCE .

BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

" AR=4 SURFACE=TO=HOLEFIXED SURFACE SOURCE MUOVING BURIED RECEIVER

[ ]
“0,3,2,5
. ZQOOQOI .5;10.

) [ f
_‘QS' cslps

36



OUTPUT DATA

3»DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE: 24=JUN=T76 TIME! 11136 PAGE:

INPUT CONTROL PAPAMETERSY

KVALU -0,30000
DEPTH 2,50
EXECU
DESCRIPTION OF MODELjg AR=é4 SURFACE=TU~HGOLE

FIXED SURFACE SQURCE

MOVING BURIED

RECEIVER

Z=COORDINATE (X)Y)=COORDINATES IN PAIRS wrmewwewmanwwas

TOP  =0,5000000 0,0000000 0,0000000
CONTOUR 1§ =0,2500000 0,2886751 0,3227486 041443376 0,4082483

0.0000000 0,4330127 =0,1443376 (,4082483
»0,2886751 0,3227485 «0,4330127 0,0000000 =0,28786751 =0,3227486
»0,1443376 «0,40R82483 0,0000000 =0,4330127 0,1443376 «0,4082483
0,2885751 =0,3227486 0,4330127 0,0000000
CONTUUR 2 0,0000000 0,1666867 0,4714045 0.,0000000 0,5000000C
: =0,166A657 0,4714045 =0,3333333 0,3726760
=0,5000000 0,0000000 =0,3333333 »0,3726780 =0,1666667 =0,4714045
0,0000000 =0,5000000 0,1666867 w(,4714045 0,3333333 =0,3726780
0,5000000 ¢,0000000 0,3333333 0,37267%0
CONTOUR 3 0,2500000 0,0000000 0,4330127 =0,1443376 0,4082483
»0,2886751 0,3227486 =0,4330127 06,0000000
=0,28B675) =0,3227486 w0,1443376 ~0,40824R3 0,0000000 =0,4330127
0,1443376 w0 ,4082483 0,2880751 =0,3227488 0,4330127 0,0000060C0
0,288”751 (0,3227485% 0,1443376 0,4082453
BOTTOH 0,5000000 . 0,0000000 0,0000000

37



3«DIMENSIONAL 1P AND RESISTIVITY MODELLING PROGRAM

DATE: 24=JUNe«786 TIME: 11136

DESCRIPTION OF MGDEL AR=4 SURFACE=TO=HOLE
FIXED SURFACE SOURCE
MOVIKG BURIED
RECEIVER

REFLECTIUN COEFF, K ==0,30000
DEPTH = 2,50

R FERRFEFZIRERF R R FRF SR RS RREE R
SURFALCF PULE SOURCE,RURIED BIpGLE RECEIVER
g&*****ﬁ***%******i********#* )

X=SDURCE= “2,0600
Y=SOURCE= 0,000
X=RECEIVER= 2,000
Y=RECEIVERS 0,000
RECEIVER APPARENT APPAREHNT
DEPTH RESISTIVITY POLARIZABILITY

1,000 29834458430 126501 4E=01
1,500 2+ 78G005E400 «3208838FE-01
2,000 «979539E+00 0 3281475=01
2,560 9853928400 4 232360E=01
3,600 « 2958938400 «6039179E=02
3,500 1005078401 =,B800211E=02
4,000 2 1C0950E4+01 w,143110E=01
4,500 ,101014E401 =,157462F=01
5,000 «100906E+0] «,140G52B8E=01
5,500 100760E+01 w,117716E=0]
6,000 ¢ 1005622F 401 =,962915F=02
6,500 L,100506E401 =,783020E=02
7.000 004185401 =, 642914E=02
7,500 21003472401 =,534990E=(2
8,000 W100292F401 =,448972Em02
8,500 1002485401 = ,380H36E=02
9,000 ¢1002138+01 = ,326444E=02
9,500 s 1001865E+0] =,282392E«02

38



Appendix B

Development of theoretical expressions
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Using image theory and applying the following boundary conditions:
(1) there is no vertical current flow at the air-earth
interface,
(2) the potential must be continuous across regions of
different conductivity, ‘
(3) the normal component of current flow must be continuous
across regions of differené coﬁductivity,
and )] in the vicinity of the current electrode the expression
‘for the potential must converge to the expression for.
a point source in a homogenous half-space.
The expression for the potential, UM’ given by Barmett (1972) can be
modified for a buried point, Md’ due to a buried point source at Ad

and can be written as

."b 1

L7

P | 1o, 1) ' 1 e
- ac + ac

Und Gr |\ R, o +‘RXM ¥ %p R ¢ [ G;R;M

e fda fdia/ : a.  Jx a0
R R ¢:19)

where o_ and cg represent the' fictitious surface charge density

distributions for the body, C, and its image, G, and R, . , Ry .,
\ ap Ky,

RpM , and R;M are the distances shown in fig, 2, The problem of
d d h

solving equation (7) is to solve for the fictitious charge densities
")
~ and then to perform the necessary integrations over C and C.

The expression for o, at a point Q on C is solved by applying

Q

boundary conditions (2) and (3). Boundary condition (2) can be

satisfied by considering the potential at points Q1 and Q2 on opposite

40



sides of the boundary. Then for a wholespace, the potential at points

Q, and Q2 can be expressed as

- p I t ) . . . [ .
1 1 1 :
Y, =t = g — ] dC .., (B2)
~Q, - 4mR 4 / P (R ) T
R TR L
and
1 1 1 : -
v, =4+ — (o2 — dc S
4R 4T R »
i . d*2 . 2 o -
’ —_— C - . "_C_'ﬁ_,.". M [ Y —
As Q, and 0, approach one another, U [ =T I, and the second
2 “hao % g

boundary condition is satisfied. Applying the third boundary condition,

1 U Q , ,
’p"‘ 3v l = BT 5y ° we obtain the expression
1 C. 2 :
L [ o ()]l -
Lo o R o

p, 8 v | 4R 4 . PL{R
r2 N A,Q, Y PQ,

It is not obvious that the expressions on the left and right hand

(B4)

dc] | c
= Q,7Q

sides of the equal sign are equal. In fact, the integrals are improper
when p>Q. It can be shown (Barmett, 1972, p. 54) that these integrals
can be solved so that

. 1 ' 3" '1

1 1im - g — { — {dC
4 Y R

| .Ql ! ' ,[p '(PQ1>

! - . , e

1
|
LTI
Q

p=q - 'C at Q
41



and - (. - P . .
-y 1 : 2 -1 1
Cam Y [ e =2 [l Ve =41
: 2 .
; Qz*Q " ./rn P B\f (tFPQl_) o 2 ‘Q:
B T T s

Utilizing this singularity, the boundary condition in the limit can

be expressed as

- ——— e s e e BN e e =

1= s .1 k [ s (1 -
o, = + o ——— | = }dC (B7)
e X (RAQ) 27 f P av(RPQ) .

; d oc' .. ) A o

Py = P

2 1 :

¥ and C' is the whole surface of the body excluding
2 1

that element at point Q.

where K =

Applying image theory, the expressions for the halfspace can be

written as: .
. : = -
"

ORI | '~ |
% = 211r {ai Rl +_a'a\7 Ri )}"’
v\ Faq aa/ )

d 5
| A ik, )
fi S :
K 3 1 3 1 m}
jo—— 6 — [— )} dC + g — { — } 4C
| ] R 3 Rv
}Zn(f P v(PQ)‘ [«;p v(pQ)
e ) N c
and - o - ‘}
- 211 1 .t (,1 /c ( 1\ o [ 1Y,
™ R R 4w P R . Sl ' ¢ (B9)

assuming that ov = o_.
P P
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The problem at this point is to solve the integral expressions in

equations (B8) and (B9) for the charge density distribution, cp. The
o
charge density can be expressed as Sp = EEE-, so that equations (B8)
1
and (B9) become

o) A
A AR VARSI

B (B10)

.
-

EPSE 1 ) ) '3 ( 1 ) a&
fs 2 {Ya+ [ s == (=
..:: . a R‘\'
4,..’/_' P'a‘) (RPQ /Bp -'\) PQ .
Jc S L

(B11)
The unknown funétion Sp is approximated by a set of N discrete

functions, so that

=1 ? (B12)

The functions Sj are called the "expansion functioné;:Pr "basis

functions' while aj are constants to be determined (Harrington, 1968).
In order to put equation (B10) in terms of poing p rather than

point Q, the singularity condition (equatioms (B4), (BS), and (B6)) is

applied to equation (B10) and the basis functions expressed in
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equation (Bl2), so that

P .- [, . R . —————

- 2n 5 (_L ) 3 [ 1 N\, . ..
~—S,b.. = + +‘ A

and U S

LY, =7 R Rv
M b A M
. d Ay

T, )" S (B14)
I ijaj(RpH>' N }

Ty

Loy fa( 1”)’&"_ f_j.(_-l )dCV _

C .

AN

as p~>Q and Q1->Q and Q2->Q.
The surface C can be divided into triangular subareas over which
the source density is assumed to be constant. The constants for the.

basis functions can be expressed as follows:

o 1 over subarea Cj’

3

0 over C,, where i # 3.
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Using this approximation and equations (B4), (B5), (B6), (Bl2),
and (B15) we find that bii = 1. Substituting this into equation (B1l2),

equations (B13) and (Bl4) can be put in matrix form by letting

ned () @)
1 7 av R 3v \Ry
v AdQ : ﬁag
| . | SR (BL7)
R Y ol L
i3 j ov RPQ
o T L e
6By =% Pii - .. s
RN (,.1._)&3 Ll (B19)
= oem o, 3 “'-
oy mm foam(gg) e
= GB.. + CI,, )
®15 7 P 13 S (B20)

and

X ;-";g'
~
ng
—

-

8 . d ¢ d

- —— = - - Ay ~ ~————— -

. d'é’+fai (—R—l———) i ,
RoM , oM, /- (B21)

Using these equations, the matrix form for equations (B13) and (Bl4)

becomes: e § c S
¥ =
-4
i 4= 3 \ (822)
and ;
j
~p41{ ’ . N } S
: 1 1 1 23
U = + +I SH . (B23)
M 4 R Ry w1 L i c
d ) Ade Ade i=1 .



In order to calculate the apparent polarizability the equation,

aU

Hdgf_l_I.I;;' fin S (B24)
3K  4m 3K "1 ?

le GBiisl
Tl = SE— and D, = X s
we can write
N .
r G, T =D
3=l ij 3 1 (B25)
and ) .. - REnde ]
20U
M psIN .
d. 1 s ¢g (B26)
3K - @ ii -

The problem of mathematically modeling the resistivity and IP
response at a buried receiver pair (Md and Nd) due to a buried current
source (Ad and Bd) in the presence of a three-dimensional body (C)
reduces to the problem of solving equations (B22), (B23), (B25), and

(B26) for the proper source-receiver combinations.
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Appendix C

Program listing
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Ce=1P3DlHw= INUUCED POLARIZATIOHN (3-DIMENSIbNAL) == 7/23/74.

c

Ce=FILES?

oaonnaanaannnaoooonNnnNnooaoaanNaacOaOaoanoonNoaoaooonnaonNOoNOaOnNnaOannoanNnnaQan

MANAESRR AN TR R we NN PROGRAM IPSDDH LA AL E Y L L LY 2 20 L K2}

THIS PROGRAM CUMPUTHS DOWNHOLE AMD SURFACE PROFILES OF NORMALIZED

- APPARCWT

RFSISTIVITY (Pa/P)) AD NORMALIZED APPARENT POLARIZABILITY
(Mg= N/ flox Ny ACkeSS A ARBITRARILY SHAPED THREE«DIMENSIONAL
BODY, OF RESISTIVITY ﬂz ANL POLARIZABILIIY /1, SET IN Al OTHERWISE
HOMDGEREQUS HALF=SPACE DF KESISTIVITY p, At PULARIZABILITY /7.
THREE-DIMENSIONAL (POINT=SUURCE) DOWiNHULE ELESTFQDES ARE USED,

THE PROGRAM IS WRITTEH IN FORTRAH#=IV, AND WAS DEVELOPED ON A
DIGITAL E?UIPHENT CORPOFPATION “40pEL PDP=10 COMPUTER,

Ali ELLIPS0IC COF REVOLUTIOR (wITH 72 FACETS) IS GEMERATED IN
SUBRUOUTINE 800Y3D, ALL THAT IS NEEDED TO GEr&KRATE THIS BOLY
ARE THE 1A', 4B1, AND 'C' (X,Y,&Z) HALF WIDTHS OF THE BUDY
(SEE SUBRUUTIME BODY3D)

RESULTS aARE QUTPUT ON DISK

THE FIRST PAGE OF QUTPUT. PROVIDES A RECORD OF THE INPUT DATA.
SURSEQUEHT PAGES GIVE APPARFNT PESISTIVITY AND

APPARENIT POLARIZABILITY VALUES,

PROGRAM IP3DNH DOES WOT CONTAIN A PROVISION FOR MULTIPLE EBODIES

2 ¢ e s 000828 ec IR IS IEs IR0 EtesOeLEsOeOROSAUORTESPERBRPRUESSSR PO PO

PARAMETER DESCRIPTICN:C

XPD AMD YVAL ARE THE (X AMD Y)RECFEIVER POSITIONS

XPROYWN YDOW, ZD0wN (XN, YD, ZD) ARE THE SOURCE CQ=0ORDINATES

TLsTOTAL LEUGTH 0F SURFACE PROFILE (PROFILE STARTS AT =1i,
RIPOLE UNITS FRUOY THE B0ODY CENIER)

HO=HOLE DEPTH (1N RECEIVER AIPOLE UNITS) )

PS= SFACLIG BETWEEw HEASURAFST POINTS (nUST BE AN INTEGER
DIVISER OF 1,0L83SS THAN OR BEQUAL TO 1) '

¢t OR HD)Y/ps MUST RE LESS THAN S50, IF MORE THAN 50

DATa POINTS ARE‘DESIREDo THE DIMEMSIONS CAN BE I1dCREASED

HSPA=NeSPACING FOR SINGLE HOLF RIPOLE«BIPOLE CUNFIGURATION

FOR dN=1 THE SPACI.IG BETWEEN THE 8 SOURCE ELECTRODE AnND THE M
RECEIVYER ELECTRUDE 18 t, FOR N=2 THE SpACING IS 2, ETC,
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Causd ARRKAY COAFIGURATIONS w o ah 495 %%

anNaoanNnaoaaMaaoaaoOoaamnnoOoOOooaOOannOoOooOanononaaoOonNnaOonNnonnnnNn

ai=1,,6UR1IED BIPOLE SOUKCE,SUKFACE BIPOLE RECEIVER
AR=2,,8URIED POLE SOUKNCE, SUKFACH RIPULE REZEIVER
AR=3,,RURIED POLE SOUKCE, RURIZD BIPNLE RECEIVER
AR=4,+SURFACF POLE FIYED SGURCE,SURIED RIPOLE RECEIVER
AR=Y ., RURIED BIPOLE FIXKED SDURCE, BURIED BIPOLFE RECEIVER
AR=6,,RURIKED RIPOLE MoVING SAQURCE, RURIED BIppLE RECEIVER
AR=7,,SINGLE HOLE COMFIGURATION

ALL READ STATEMENTS ARE IN THE MAIN PROGRAM AND SUBROUTINE BODY3D

S E 8N EI 200 R RS SRRRTIRSEORSIERTOIRRRCRERTRTRERRTERROGOETRUETSBRRSERSAOBRTERRBOERESNIS

REQUIRED SUBROUTIMES: PEAD3D, IPAG3D,
DIRC3D, GR3D, GI3D, H3D, F3D,
GAuUsi0, FX1, FX2,
pECOMP, SOLVE,
NPAG3D, ARAY3D, OUIPUT,BODY3D,

DEVICE SPECIFICATIONS:

13 = 1IMg INPUT = CONTROL CARDS WITH PROGRAM PARAMETERS,
13 = IN2 INPUT =~ DESCRIPTION OF MODEL, FOLLOYED BY COORDINATES

OF THE VERTICES,
14 =I0UTY,100U7T2,I0UT3

NOTE: FOR HOLE=TO=SURFACE,SURFACE=TO=HGLE, AND HOLE«TO~dOLE ARRAYS
QUTPUT PUINYS ARE AT THE HMIDPOINT OF THE REZEIVER KLECTRODES, FOR
SIKGLE HULE ARRAY QUTPUT pUINTS ARE AT THE #1DPQIiT PETWEEN THE
SOURCE AND RECEIVER ELECTRODES((Bw=¥)/2)

-u--uﬂ.-‘uuqnﬂﬂc.T‘BARNETT.'.--APRIL 1972“.----0"--".--.

#¥nxsexxaMODIFIED FOR RURIED ELECTPUNRE ARRAYSs#ww%%#%

JEFF DANIELS
UsS GEOLOGICAL SURVEY
MAY 1970

LOGICAL ¢HECK

COMMDN /BLAKZ2/ XM(T5)¥(75),24(75)

CompON /BLOKT 7/ F(75) '

COMMBY /RLOK13/ GB(75,75)

COMMON /uLOK 14/ HE(35,75)sS3(758),TT(758),3(78).,T(75)

CNMEAON /RLNKLSZ G(T75,79)

COMMON /RLOKIT/ H(T3)

COMMUN ,18PECSy Ing, IM2,10UTL,1I0UT2,100T3 A
C COMMON ZPARBM / TARRAY(T))AvVAL(T7)Y,DEPTH(T),ANCLE(B)  YVAL(8),
T& NARR, KV, NDPTH,HDIP, %YV, IPLOT

COMMOl /DATIME/ LABELCIR),,IDATE(2) s T LIMmyNPAGES) IPAGE

CUMMON /POLY / NFACES

CHMMON /RESIULT/ APRES(S0),APTP(50)s AR, PR, IR2)HEPALZPT
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c

v

‘DIMENSION D(75),GRDIAG(7S),GIDIAG(TS),
&XNON(B)Y,YDOWN(8),ZDOMN(B) 11 (75) .
DATA IN1,I82,I0UT1,IQUT2,I0UT3 /2%13,3#14/

IPLOT=Y

CHARGHHFRREEFIES
C InpUT THE CONTROL PARAMETERS
Cwde ot #3030 % 3 % 54 38 % %%
REARD(I112,11)LABEL
READ(IN1,10)AR

e N oNe] [eNe) (g Ko}

14

71

72

73

74

75

77

78
10

i1

FORNAT(31)

READ (FN1,10)
IF(AK,EQ,1,)
IF(AR,EQ,2,)

AXVAL(1),DEPTH(1)
GO TO 71
GO TG 72

IF(AR,EQ,3,)GD 0 73

IV(AR,ED,4,)
IF(ARGEQ,S,)
IF(AR,EG,BR,)
IFCAREQ, 7D
READ(INIL10)
READ(IN1,10)
IDH=0

G TO 78
REAT(TIiil1,19)
READ(INL, 19)
IDH=0

GO TO 78
READ(INL,19)
READ(INL, 12)
IDH=}

Gn TO 78
READ(IN1,10)

GO TO 74

GO TO 75

GO TO 76

GO T 77

YVAL(1),PS,TL

XDOWMN 1), YDOWN(L), ZD0WN (1), 200N (2)

YVaAL(1),PS,TL
ADOWN (1), YD0N (1) ,200wN (1)

XPD,IVAL(1),2P8,HD
XBOAN(1),Y00uWi (1) ,2D004% (1)

XPD,YVAL(1),PS5,HD

READ(INL,,1C0)XDOUWN (1), YDCWN(1),2DO%ACL)

IDH=1

GO TQ 738
READ(INI,1D)
READ(IHE,10)
IbH=y

GU TG 78
READ(IN1,10)
READ(INL,10)
Ind=)

GO TO 78 .
READ(IN1,10)

APD,yYVAL(L),P5,HD
XDUWN (L)Y, YROWHC1),2D04N (1) ,2D0KH(2)

XPD,YVAL(1),PS,HD
XLOUwI (L), YDOWN (1)

XPD, YVAL (1), PS, D

READ(IN1,14)HSPA

XDOAN(L)=XPD

YDOWN(1)=YVAL(L)

1hH=1
CUNTIMUE
FORMAT(TF)

wume INPUT COMTROL PARAMETERS
NPAGES=1+ARR#NRV#NDPTHANDIPRNYY

LY ] INPUT
FORMAT

CALL READ3D

DESCRIZTION
(1¢A5)

INPUT CcOORDRINMATES OF APICES
(IMORIKASE PROGRAE

aF MODEL

0F POLYHREDRON

PINEMSION STATHWMEWTS IF HECKSSARY)
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c mmee OBTAIN TIHE & DATE, THEN PRINT OUT PAGE 1
¢ swww (RECORDN OF INPUT DATA)

CALL DATE (IDATE)

CALL TIME (ITIME)

CALL IPAG3D

(of
o wmae TRAMSFORA TO UVWeCOORDINATES
CALL DIRC3D
¢
c mewe COMPUTE BODY~g0DY INTERACTION TERMS
CALL GB3D
DO 80 I=1,NFACES
80 GROIAG(II=GB(I,I)
c
¢ swme ROTATE BODY TO REQUIRED DIP ANGLES
c weme RECOMPUTE QUTWARD=DIRECTED NORMALS
CALL DIRC3D
90 COLTINUE
c
o meme ADJUST BODY TO REQUIRED DEPTHKS
ZO0=DEPTH(1)
c
o mewe COMPUTE BUDY=IMAGE IHTERACTION TERMS
C mmme ASSEMBLE OFF=DIAGONAL MATRIX ELEYENTS

Ccapl GI3D (zZ0)

DO 100 I=1,NFACES

GIDIAG(I)=G(I,I)

DN 100 J=1,4FACES

IF (J,EQ,1) GO TO 100

GUI,JI=GBR(T,I)+G(I,J)
2068 FORMAT(2X,'RDw 35 ',I5)

100 CONTINUE

c
c rmam ADJUST Y=COORDINATE FUR REQUIRED PROFILES
CHECK=,FALSHE,
Do 1000 IY=1,NYV
YOSYVAL(LY)
YPD=Y0
c emwe POSTTIONS ALOHG THE TRAVHRSE
Cr¥#<FpR HOLE TU SURFACE ARRAYS OpLY#s#¥ =

IF(AR,G%,3,) GD T0 1003
1002 COUO'TL1:0UE
IR1=1
IR2=IFIX(TL/PS)
DO 200 IX=IR1,IR2+1
AP=ail,5+ FLOAT(IX)#PS
CALL H3D (AP,YU,Z9,1IDH)
6020 FORMAT(2YX,[5,3£12,8)
DO 200 1=y,4FACES
200 HH(IX,I)=H(I)

C

-0 GD TO 10901
CH*x*COMPUTE RECEIVER FUNCTIONS AT VARIOUS POINTS (AT PS SPACING)
¢ ALQHG THe RECEIVER ROREHQLE ,(FOR BOLE=TO=HALL ARRAYS ONLY)

1003 CHNTINUE
IRI=1 0



IR2=IF1X(AD/PS)
PO 201 IX=1IRy,IR2
ZP=PS#PFLOAT(IX)
ZPP=Z044p
CALL H3ND(XPD,YPD,ZPP,IDH)
DO 202 I5=1,HFACES

202 HI(IS)=H(I5)
ZPp=Z0=Zp
CALL H3D(XPD.YPD,2PP,IDH)
DO 201 I=',VFACES

201 HU(IX,I)=:H(1) +H1(X)

1001 CNuTIsUR

¢ sene ADJUST TO REAUIRED REFLECTION COEFFICIENTS

DO 10C0 l4=1,NKV :
IF (CHECK, 3D, NKV,EQ,1) GO TOD 4090
AK=AKVAL(I4)
Br=0,5%(1,0=AK#AK)
AKI=1,0/4aK
AKISW=AKI#AK]

wmwa ASSHMALE DIAGOMAL MATRIX ELEWMENTS
DO 300 I=1,VFACES
300 G(I,I1)=AKI*GBDIAGCI)+GINIAG(D)

an

c
¢ e=== DECIPOSE HMATRIX INTC UPPER AtHD LOYER
c "rew s TRIA\‘GULAR FACTDRS
CALL DRECoMP
C

CHECK=,TRUE,
400 CONTINUE

(e X O]

O p et et R AL R PR AL U REBLRER S
£ ADRDJUST COURPI®ATES OF DOYHHOLE ELECTIRJDE
CREBASHFGHIF SR PR L E X TRBXFHEFFBRER LS
ISPREV=(
ZpPT=0,0
XD=XDNWA (1)
YB=YDOWN (1)
IFCAK,GE 2, AND AR,LE,4,) GO TO 82
IF(AR,EQ,5,) GO TO 33
IF(ARLEQ,7) GO ID 44
&1 Is2={
ZDA=ZDOWN(L)
ZOR=ZDROAN(2)
Xppb=XD
GO TOQ 88
82 Is2=1
ZDA=0, 0
ZDhR=ZDOMN (1)
XDDD=1 48404
G TO 88
83 152=IR2
ZDA=U,0
GO Tu 82
8§34 I32=TR2=I7IX(1,/PS+1uSPA/FES)
88 COUTiNUg
CALL WPAGIN(DIP,Z0,Y0,AK,.JPLOT,INDEX)
DO 1000 16=4,152
IF (AR,GE 2, AUD AR, LE,4,) GO TO 96
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IF(AR GE,6,) CU TO 93
91 IF(Z0A)3m, 0,960
93 ZDA=PS#FLOAT(IS)
ZDR=ZDbA+1,0
GO TU 9586
C 5 % 350 30 % 35 336 5H 2 330 3 334 % % 30 3 3 3 % %
C COMPUIE S AND T FUNCTIONS FOR SURFACE ELECTRODE
96 CALL F3D(XDDD,Y¥D,20,0,204)
CALL SQLvVE(F,S)
DO 969 I=1,5NFECES
969 D(I)=3(I)*AXKISOxGROTAG(])
CALL SULYE(D,T)
DO 962 I=|,HFRCES
SS8(I)=58(1)
962 TT(I)=T(L)
IF(AP,HE,4) GO TO 963
ZNBR=ZNnA
CALL SOLVYE (¥,8)
— DU 959 I=j1,KFACES
959 D(XI=S(I1)»AvISusGBOTIAG(I)
CALL S0LVE(D,T)
G2 TO 945
o X TTE LT L L L RS
¢ COMPUTFE S AND T FUPCTICNS FOR DODWNWOLE ELECTRODES
9¢6 CALL F3IDCXD,YD,20,1,205A)
CALL SOLVE(F,S)
DO 371 I=st,HPReCES
971 DE1Y=5(I)=*AKISu*GROIAG(T)
CALL SOLy¥(D, T
DO 967 I=1,JFACES
S3(1)=5(I)
967 TT(II=T(1)
963 CALL F30 (X0,YD,Z0,1,2ZDR)
CALL SQLVE(F,S)
DO 954 I=i,NFACES
8002 FORMAT(3(2X,812,6))
5001 FORMAT(10X,715,2%12.5)
964 D(IY=3(Il)#A¥Isu*GEDIAG(I)
CALL SOLVE(D,T)
94% COuTIHUE

c mme= COVPUTE AND OUTPUT PROFILES FUR THE VARIOQUS
¢ mwemaw ARRAYS
IPAGESIPAGE+]
621 FORMAT(4(2X,E12,5))
156=1I5 .
CALL ARAY3D (AK,BK,IDH,XPC,YPD,XD,¥YD,ZD,Z5a,Z2DB,I164)
ZPT=1,0
1000 COuTIky®
CALL GUTPUT (IDH,IPLOT,XP2,YPR XD, Y0 eZDyLDAsZDR)

c ‘
STOP
EwD
C
C
C -
C
SURROUTINE READ3D 53
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1027

100

THIS SUBRUUTIHE CHLY,S 20DY3D TA CALCULATE THE COORNINATES OF THE
APICES 0OF THE POLY DR REPRESENTING THE ARRITRARILY SHAPED BODY,
1T THEN ASSEMALES THR INDIVIGUAL TRIANGULAR FACETS IN A LOGICAL
ORDER,SU THAT THE OQUTAARD=DIRECTED nORKMALS TO EACH FACE CAN BE
DETERMIUED (SEF 3JRROUTINE DIRC3D),

THE POLYHENRUN MUST HAVE A TOP AND A BOTTOM APEX, OTHER APICES
MUST BE EVENLY DISTRIBUTEN ARDIND CONTOURS OF CONSTANT Z,

EACH CUNTOUR MUST HAVE THE SAME NUMERER OF APICES, OFFSET APICES
OM ADJACENT COuTOURS TO OBTAIN MORE EQUILATERAL FACETS,

I?,PUI -e a a L] ® * ] L} 1 ] L] L] * L] . L] . ) ] ] L] 1] ] 2 ] L] ] ] a . .
' NG = NUMBEK OF COnTOURS,
hV = NUMBER OF APICES PER CONTOUR,
ZT V2,28 = Z=-CODKNPINATES OF TOP, SUCCESSIVE COJTOURS, AND
ROTTOM,
XT,XT = XY=CnORDIJATES QF TP APEX,
VX, VY = XYuCNORBINATES QF CONTOUR APICES, INPUT THESE
’ CLOCKWISE (PLAH=VIZW) AROUND EACH CO&TOUR IN
DESCENDING QRDER, STARTING (One POINT FURTHER
CLOCKWISE O~ SUCCHESSIVE CONTQURS,
XB,Y8 = XY=COORQINATES OF BOTTOM APEX,

-nnu-uunn-.n-wwc‘T,EARNETT"‘”‘APRIL 1972---------------

#xpe®ODIFIED BY JEFF DANIELS 33iMAY 1976 wuwiws

COuMGH /8LOKY L/ XF(75,3),YF(75,3),2F(75,3)
COMM0: /8LOKEB / VX012,12),V¥(12,12),V2(12)
CuMMRN /ey 4 T, ¥T,27,XR,YE,28

COMniQd /rUDK12/ §CHY ;
comdOn /I3PFRCSs/ IML,IH2,10UuT1,I00T2,I0UT3
COmuMON /POLY / ~NFACES

COMMDH/RODY/VXX(100),VYY(100),Y27(5)
CALIL BUDY3D
NV2z2+%4V
HEACES=NC#HV2
ZT=VZ2A(1) )

DO 1022 122, (KC+1)
VZ(I=1)=V22(1)
ZREVELZ (i1C+32)

IST=1

T=VXAi(1)
YTEVYT(L)

DO 104 I=1,NC

DO 100 Jai,MV
IST=I50+1

VE(I J)SVXECTST)
VY (I,0)sVIEY(IST)
IST=15T+1
XB=VXX(IST)
YO=vVYY(IS1)

KT1=HFACES»iV

DG 101 J=i NV

KTli=shT1i+!

JizJ+1

IF (J1,6GT,¥Y) Jdi=t
XF(Je13=VX(1,0) 54



o NS Ne] oamon

YFECI,L)=VYCL,T)
ZECI,1)=V2 (1)
AF(Js2)=VE(1,J1)
YF(J,2)=VvY(1,J1)
ZE(JI2)=VZ(Y)
XF(Jd,3)=XT
YF(J,3)=YT
ZF(J+3)=2T
XF(KTL, L)YsVYL{(NC,. )
YF(KT1,1)=vY(iC, )
ZF(ETL,1)=vZ(LC)
XFP(KT1,2)=X5
YF(KT1,2)=Y8
Z¥(KT),2)=28
XF(KT1,3)=Vvi(kC,J1)
YF(KTL1,3)=svY(HC,J1)
101 ZF(KT1,3)=VZ(NC)

IF (MC,FQ,1) RETURN
ND=tiC=] .

DO 102 I=1,4D

Ii=1+1

KTZ2=I#LV2

KT1=KT2=aV

DO 102 J=l,HY
EVEE-RES!

IF (J1,GT,.3V) Jis)

KT1=KT1+1

LF(KTL, 1)=vE(I,J)

YFP(KTL,1)=VY(TI,J)

ZE(RTL,1)=vZ (1)

XF(KT1,2)=vi(11,J)

YF(XT1,2)=VvY(11,J)

ZF(KTL,2)y=V7(11)

XP(4T1,3)29X(YX,J1)

YE(ETL,3)ayY(I,J1)

ZF(KT1,3)=VZ2(I)

KT2=KT2+¢
XF(KETZ2,1)=VA(I,J1)
YF(ET2,1)=vyi(1,d1)
Z¥(XT2,1)=V2(1)
XF(KT2,2)=vX(11,0)
YF(KT2,2)avY(11,d)
ZE(RT2,2)=VZ2(I1)
XF(K2,3)=vi(11,J1)
YF(ET2,3)=VY(11,31)
102 ZF(K12,3)=vZ2(I1)

RETUR:
END

SUBROUTINE IP/G2D

THIS SUKRNDITINE PRIVTS OUT PAGE 1 OF THE RUTRPUT FOR EACH MODWLD,
THIS GIVES TiE npavYe AVD TIMe OF wXECUOT1OH, THE INPUT CCKTROL
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(@]

PARAMETERS, AuD A DESCKIPTIIDH OF - THE BODY FOLLOVEDRD BY A PRINT=QUT

100

200

12

13
15
16
20

21

22

23
24
25
25
27
28
29
30
31

OF THE BODY COORDIMATES,

-a-.u--un-qanouc.T.HARNETT-—---APRIL 197 2nsnunsnnannenen

COMMON /BLOKB / VX(12,12),VY(12,12),VZ2(12)

COMMON /BLOKY /4 XT,YD,2T,XB,YY,28

COMMON /BLOK12/ NC,BY

COMMON /DATTAE, LABFL(16),I0ATE(2),ITINE, YPAGES, IPAGE

CoxrmOn /I8°2ECS/ In1,1002,10UT1,I00T2,I0UT3

COMsOM /PARAM / IARRAYCT),AEVAL(T7),DEFTH(T),ANGLE(8),YVAL(3),
: NARR, MKV, ¥DPTH,NDIP,NYV,1PLOT

COouMQN /PULY 7/ NFACKS

WRITE (IQUT2,12) IDATE,ITIHE

WRITe (IOUT2,13)

wRITE CIOUT2,18) (AYVALCI),I=1,4KV)
WRITE (I0UT2,16) (UEPTH(IL),I=L,MDPTH)
ARITE (IoUT2,20) :

wFITE (IOUY2,21) LAREL

WRITE (IuuT2,22)

WRITE (I0UT2,23) ZT,XT,YT

DO 160 I=1,1C

WRITE (TQuUT2,24) (I, VZ2C0I)(VX(T,J),VY¥(I,J),Jd=1,2))
4RITE(IOUT2,25)(VACY,J),VY(I,J),J=3,4)
BRYITECIOUTZ,32)(VXCI,J),VY(1,J),d=25,7)
HEITEC(IVUT2,32)(VX(I,J),VY(I,J),d=8,10)
WRITE(LICUT2,32) VXL d),VYCI,J) e d=11012)
WRITE (I0LT2,286) ZB,X3,Y8

I¥ (IPLOT, 8N ,1) RETURY

WRITE (I0UT3,27) IDATE,ITIME

WRITE (IDUT3,28) NPAGES,nFACES

URITE (I0UL3,29) LaBel

WRITE (IDUT3,30) MC,NVv

WRITE (IOUT2,31) ZT,(V2(1),I=1,XC).28
ARITE (IQUT3,31) XT,Y¥YT

DO 200 I=y,~C

WRITE (I0UT3,31) (VXC(I»J)sVY(I»J)Ysd=1,0Y)
wRITE (IQUT3,31) XB,¥YB

FOREAT (1H1,//,5X,13=DIMENSTONMAL IP AND RESISTIVITY ANDELLING PROG

ERAMYS//5% e 'DATE Y 1245, 10%,!1TIERs ', a5,10X,1PAGE:s- 1,13, OF1,1I4)

FORMAT (//,5x, VINPyYr COMTROL PARAMETERS:$!,/)

FORAAT (5X, 'KVALUY ,8X%X,7(F5,5:2X))

FiiR®MAT (5%, '0EPTHY ,5X,7(F8,2,2X))

FGRMAT (5X, 'EXECU! )

FORWAT (///,5%,'DESCRIPTION OF MODEL$!',4X,4A5,/30X,4A5,/30X,4A5,

&/30X,4A5)

FORMAT (//7,20X,'Z=CCORDINATRE! ,5X, 1 (XsY)=COORDINATES IN PAJRS ==

&un--n.----?//)

FORGAT (5%, tTOPt,13%,F10,7,6X,F10,7,1X,¥10,7)

FURPAT (SX, 'COHTD”R' aT7.;7)&uF1f‘.7p4X,'2(2.(,P10.7:1)2:?10.7))
FORYAT (35XK,2(2%,+F10,7,1X,F10,7))

FORZAT (SX,'BOTIOM!, 10X, Flu 7,7X,F1047,1X,710,7)

FORMAT (3A5)

FORMAT (5X,215)

FORIAT (1645)

FORSAT (2710)

FORYAT (8F10,7) 56
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32 FORNMAT(2K,3(2X,F10,7,1X,F10,7))

RETURN
END

SURRQUTINE DIRC3D

GIVEN THE COURDINATES (X,Y,Z) OF THE THRER VERTICES OF EACH
TRIANGULAR FACE IN TURN, DIERC3D FIWDS THE DIRECTION COSINES
OF THE FALLAwING ORTHOGNNAL UNIT VECTORSS

1), = OUTWARD=DIRECTED NOARHAAL TU THz FACE (PNX,DNY,DNZ)
2), = VECTOR JOINIMG YERTFX 1 TN VERTEX 3 (PLX,DLY,DLZ)
3), = VECTIR MAKING UP A RIGHT=HANDED TRIAD WITH DX AND DL,

(DMX,DXY,DMZ)

DIRC3ID THEHN COMPUTES THE CNORDINATES (U,V,#) OF THE THREE VERTICES
AFYER TRANSFORKATION TO a4 SYSTEM WITH AXES DEFIMNED BY THESE THKEE
SETS CF DIRZCT1ION COSINES, MOTE THAT V3=Vi AND W3=wW2=Wl,

DIRC3D ALSA CCHPUTES THE XYZ COORNINATER OF THE CEJTRE OF GRAVITY
(Xl ¥H,2M) OF EACH TRIAWMGULAR FACE.

NFACES = NO, OF FACES
-a-u--------a-nc'T.EARNETI—--nnAPRIL 197 2 rensanponancawan

COuMOd /RLOKL / XF(75,3),YF(75,3).,2F(75,3)

CO¥OH /8LOK2 / XMCTS),Yu(75),24(75)

COMHOD /8LOK3 / DLX(73),0LY(75),DLZ(75),D¥X(TS)

&Y (TS),DAZLTS)

CnuMpi /BLOK4 / DNX(75),DH¥(75),D3Z(75)

COmMON /BLOKS / U1(75),U2(78),U3(75),V1(75),Y2(75),%1(75)
COHMUN /POLY / NFACHS |

I=1
200 CONYIAUE

X1=XF(I,1)
X2=X¥(I,2)
A3=XF(1,23)
Y1sYF(I,1)
Y2=YF(1,2)
Y3=YF(I,3)
21=22F(1,1)
ZZ:ZF(IIQ)
ZB:ZF(I,3)

UXaX3=X1
UY=Y3=Y1
UZ=23~%1
HX=X2=X1
HYrY2=Y1
HZ=22=21
WXsUY*HZ=Y4UZ
WY=UZ*HXwYZ 40X
H2=UX#AdYeHX%JY

WitE ] g 0/SQURT (AXaWXe Y2 YawZawd)
’ .57
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UB=1,0/5QRT(UXSUXSUY %Y +UZ*UZ)

DNXI=sWA#WY
DNYI=WY¥wH
DNZI=iZ#ilW
DLXI=UX#UU
DLYTI=UY#UU
DLZI=UZ*0U
DEXT=DAYI*DLZI=DLYI%#DNZT
BHYI=DNZIHDLAI=DLZI*DNXT
DMZI=DRXI*DLY T =D XT#*DuY]T

DLX(1)=DLXI
DLY(I)=DLYI
PLZ(1)=DPL2I
DMXC(TI)=DNUXI
prY(I)=D4YTI
DHZ(1)=DMZT
DAX(T)=DNXI
DHY(I)=DNY]
DNZ(I})=DNZI

U1CI)=sDLXTI#X1+4DLYI=*Y1+DLZT4#7Z1
U2(¢I)=DLXI#124+DLYT#Y2+D,Z2I%Z22
U3cI)=DLXI*X3+DLYI*Y3+DLZI§Z
VICII=DAXTIsXi+DrMYT#Y1+Di21I%21
V2{I)=UMXT#4X24D4YI»Y2+L+¥2TI %72
WicI)=DNXIX1+DNYT%Y14DRZTI#2

XM(I)S(K1+X2+43)%0,333333233
YH(T)=(Y1+Y2+¥3)%0,33333333
24(1)=(21+22+23)%0,33333333

I=1+1
IF¥ (I,LE NFACES) GO TO 200

RETURN
END

SUBRUUTINE GB3D -

GriD CcO4PUTES THE INTERACTION TrERMS BETWEEN RESPECTIVE FACES

OF THE sODY, THESE DEPEND PURELY ON THE 80DY GEOMETFY AND ARE
ISDEPENDENT OF THE BOLY'S PCSITION W, R,T, THE SURFACE QR THE

SOURCE,

PULSE=TYPE RASIS FUNCTICGANS ARE USED,

A APPROXIMATE VALUE IS FTRST CALCWLATED (GRAPR), IF THE ABSULUTE
VALUE UF THIS IS GREATER THAN 0,001, THEN THE EXACYT VALUE IS
CALCULATED USING A 10«POINT GAUSS»LEGENDRE INTEGRATION FORMULA,
SURBRQUTINE GAUS10Q AND EXTERMAL FUNCTION FX{ ARE REQUIRED,

NFACES = W0, OF FACFS
58
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400

;------o;-----oc'T‘HAHNETTau---APRIL 197 2mencavrmenanena

COMMON
COMMON
&DMY (75
coMMQu
COMMON
COMMUN
COMMQN
CoMvON

/BLOK2 /
/5LOK3 /
Y DHZ(TS)
/BLOK4 4
/BLOKS /
/RLOK13/
/BFXYy
/pOLY /

EXTERNAL FX1{
DATA T#0PI /6,2831925/

J=1

CONTINUE

DLXJ=DLX(J)
DLYJSRLY (J)
DLZJ=DLZ(J)
DHXJ:B:’!X(J)
DrYJg=sDmY(J)
DHZJI=DMZ (J)
DLXJI=DNA(J)
DMY.J=DRY (J)
DNZJI=SDNZ (J)

UiJ=ul(J)

U2J=U2(J)

U3g=su3(.g)
Vig=svi(J)
¥2J=V2(J)
WiJ=wl (J)

I=1
CONTINUE

AMCTSY, YH(TSY,2M(T75)
DLX(75), VLY (T5),DLZ(T5),DMX(75),

OHX(T5),DHY(T5),DNZ(T5)
U1(75),1U2(75),U3¢75),V1(75),V2(75),%1(75)
Gr(75,75) ’
FSsNR,RER1,R182,G1:G2,H1,H2

KFACES

N

I¥ (I.EG,J) GO TO 250
COXI=XM(I)
CGYI=Yn(I)

CGZ1=%

HI)

DNXI= DEX(I)
DNYI=s DMY(I)
DNZI=s DNZ(I)

PR=PNXI#DLAT+DMYI%#CLYJ+DNMZTI4DLZT
Ca=DRXLI¥*DAJ+DNYI*ORYIADNZI%0OMZY
RB=DuXI*#DpXJ+0uYIxDNYg+PnZIxDN2
U =COXIsDLXJ+CGTII»DLYI4+CGCZI0LZT
V =CGXI*¥DMXJI+CGYY»DHYJ+CGLI*DYEA]
W BCEXIxDuXJ+CCYI*DuYJ+CGZ210p2d

Pi=UiJd«U
P2=l12Jd=U
P3z73d=Yy
RisViJde=V
QR2=V2I=V
RizwiJe!

RBRI=RE#R]
R180=R1 %R

FH=(Pil4F2+4P3)#0,33333333
GMe(Rl+72+401)%0,33333333
AREASD (5% ARSL{P3I=1YI*(Q2=21))
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GBAPRS=AREA# (PB#PRIGBSAMIRRRI) /((PM*PM+OM*¥QM+R1ISQ)I##15)
IF (ABS(GBAPR),GT,0,1k=02) GO TO 300

GR(I,J)=GBAPR

Gn T0 200

300 CONTINUE
Ge1=1,0/(G@2=01)
QR2=UlxP?2
Gias(P2=P1)%ut
G2=(P2=P3)#nul
H1=(P1§Q2aQGZ)&QOl.
H2=(P3¥02=002)#GQ01

CALL GAUS10 (FX1,02,Q1,66(I,J))
GO IO 200

250 GR(I,I)=THOPI

200 I=l+l .
IF (I,LE,SFACES) GO TOU 40
100 J=J+1
IF (J,LE,NFACES) GO TO 500
RETURYH
END

SUBRCOUTINE GI3D (DEPTH)

GI3D COMPUTES THE INTRERACTION TERMS BRETWEEN FACES OF THE BOODY
AND FACES OF IIS IMAGE. THESE DEPEND Oi THE RUDY GEOMETRY AND ON
THE BEDY'!'s ATTITUDE AwD PORITION Y.,R.T. THE SURFACE, THEY ARE
INDEFENDENT OF THE SOUKCE PUSITION,

PULSE~TYFE BASIS FUNCTIONS ARE USED,

AN APPROXIMRTE VALUL (GIAFPR) TS FIRST CALCULATED, IF THE aRSOLUTE
VaLUE OF THIS 15 GREATER THAN 0,001, THEN THE EAaACT VALUE IS
CALCULATED USING A 10~p0INT GAUSS=LEGENDRE INTEGRATION FORMULA,

S3HEROUTINE GallS{0 2D EXTEKNalL FUHCTIUH FX{ ARE REQUIRED,

NFACES = KO, OF FACFS
DEPTH = DEPIH TC CENTRE OF BUDY COURDINATE SYSTEM,

'--au—--..-n--lﬂc 'T.RAFNETT--OH-APRII! 1972‘-----.-0--:---.

COMMON /aLOK2 / XM(75),Y%(T75),25(¢75)
COMMON /pLAK3 / DLX(75),PLY(7S8),DLLZ(75),01:X(75),
&MY (TS)Y,NEZ(T75) :
COMMUN /BLOK4 s DMX(TS5),RLY(TR),0NZ(75%)
CoupnON /ZBLOkS / L1(T75),U2(75),U3(T5),VL(75),V2¢75),41(75)
CCwx0W /BLUKYS/ GI(75,75)
COMMON /BFX)]  / FPP,OB,RBR1,R1S5Q,61,6G2,HY H2
COMMOM /PRLY  / HFACES
EXTERNAL FX1

D2=2,0%NEPTH

J=1 60
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400

300

CONTINUE
DLXJ= DLX(J)
PLYJ= DLY(J)
DLZJI==PLZ(J)
D Xds DMX(J)
D¥YJ= DMY ()
DHZJ==DMZ (J)
DNXJ= DEX(J)
DEYJI=E DEY(J)
DNZJseDEZ(J)

SU1d=u1(d)

uzJd=u2(J)
U3J=U3(J)
ViJ=vid)
v2JsV2(J)"
wid=wl(J)

I=1

CONTINMUE
CEXI=XM(I)
CCYI=Yn(I)
CCZI=ZM(I)+D2
DHNXIs DNX(L)
DNYIS DHYCI)
DNZI= DHZ(I)

PEeDMX1#DLXJ+DNYI#DLYJ+DNZI%DLZY
QBsDHXI#DMAJ+DONYI*DFYJ+DHZI*D 2D
RESDRNXI#0HXJ+ONYTI#DrYo+DNZI2D0 27
U 2CGXI#DLXJ+CGYI=DLYJ+CGZTI DL LY
V sCGRI#DHXI+CGYI#DIYI+CG2I#5NZJT
W =COXI¥DHXI+CGYI*DIYJ+CGLI*DRZT

Pi=ll1d«U
pPzallddnU
P3zsU3J=l
Qi=Vid=V

"Q2zVideV

Risvigaw

REP1I=RpB#R1

R156QsRy#RYy

PH(Pi+P2+P3)%0,33333333

QF=(Q1+602+21)%0,33333333

AREAZOQ 5#2BS((P3=P1) ¥ (12=01))

GIApuS=ARLAw (Phapu+ R#QM+ERRL) /( (PY¥PU+QM*QN+RISQ)I #¥1.5)
IF (ABS(GILPR)Y GT,0,1E=02) GO TC 3170

GI(I,J)=GIAPR

GC TO 200

CONTLINUE
Rl 0/ (02«G1)
@2 lsP2
G1=(P2=P1)*0GY
G2=(P2=P3)+.Q!
Hi=(Pl#R2=202)#130]
H2s(PIXG2=G02) 4001

CALL GAUS1Q (FX1,02,u1,0I(I,Jd))
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400

I=1+1

IF (1.Lk , IFACES) GO TO 400
JaJ+1

IF (J.LE,NFACES) GO TO 500
RETURN

END

SUBROUTINE H3D (XQ,Y0,Z20,1DH)

H3D COMPUTES THY H ELFMENT FOR EACH FACE OF THE POLYHECRUOM
FOR A PRRTICULAR RECEIVER PCSITION (PUTENTIAL ELECTRODE),

PULSE=TYPE BASIS FUsCTIOHS ARE USEDR,

At APPRUXIAATE VALU® IS FIRST CANLCULATED (HAPR), IF THE ABSOLUTE
VALUE UF THIS I3 GRYUATER THaN 0,02, THEN THE gXACT VALUE IS
CALCULATED ¢SInG A {0~POINT GAUSS=LEGENDRE INTEGRATIUN FURMULA,

SUBROUTILE GAUS{Q aND EXTERNAL FUNCTION FX2 ARE REQUIRED,
HFACES = u0, OF FLCES

(wxOp=Y0,=2Z0) bRE THE COQFDINATES OF THE POTEWTIAL ELECTRODE
W R,T, THE CENTPE GF BEODY CUOORDIWATE SYSTEH,

-eqq--uu-nsnnwac.T.BARNETTon---APRLL 1972----u---v-----n

rraMODIFIED DY JEFF DRAHIELS 11107 R4rabuenspsrty

COMNQAN /BNLOK3 / DLX(75),DLY(75),DLZ(75),DMX(75),
PDHEY(T75),DZ(75)
COxMON /3LOK4 s DNX(T75),DNY(78),DNZ2(75)
COMMOY /BLOKS / UL0T75),U2(78),03(75),Vi(T7S),V2(T75),wi(75)
CoMMON /3L0K17/ H(TS)
COMMON /RFX2 /7 RU13QrGLrG2yHL1sH2
comMON /PCLY  / HFACES
EXTERNAL FX2

CONT1HUE
Xo=X0
Y0o=YO
70==70"
1=
CONTINUE

U sXO0EDLX(I)Y+Y0*DLY(I)+Z0%DLZ2 (1)
V sSXC4D0Y (1Y +YO#DMY (I)+Z0%DMZ 1)
W =XO¥DNX(T)+YO*DMNY(I)+Z0%DNZ(T)
P1=01(I)»U
pP2=U2(1)U
P3=sU3(I)=U
Qisvi(l)=y
w2eV2(1) =V
Rizawl ()=

R18G=P1aRy

Prz(PLl+P2+P3)%0,33333333
QFE(el4e?+313%0,33233333

AREARO ,S#ARS((P3=P1)#(U2=mR1))
HAPREARFA/ZSORT (PHEE+ O3 +R1SQ)

IV (APS(HAFR)Y (T 0,2E=«01) G2 TQ 200
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H(I)=HAPR
GO TU 160

200 CONTINUE
QO1=1,0/(02=GY)
0R2=¢1%P2
Gi=(P2=F1)*QQ1
G2=(P2=P3)»001l
Hi1=s(P1#02=2Q02)%G01
H2=(P3#02=202) #0304

c
CALL GAUSIO0 (FX2,01,Q2,H(I))
Y
160 I=I+!l
IF (I,LE,NFACES) GO TO 300
RETURY
END
¢
¢
c
c
SURROUTINE F3D (X0,Y0,Z20,1DFL,ZD)
C .
¢ F3p COMPUTES THE F ELEMEHT (SCURCF FUNCTION) FUOR EACH FACE OF
C THE POLYHEDROW FOR A PARTICULAR SUURCE POSITION (CURRENT
c ELECTRODE) ON THE SURFACE,
c
Y MFACES = NQ, QF FACES
¢ (=X0,=Y0,«Z0) AKE THE COORDINATES OF THE CURRENT ELECTRODE
c WeR,1y THE CENTRE OF BODY COORDINATE SISTEM,
c
C -ﬂ----nﬂ---vﬂﬂﬂac.T.B;\RNETTQU--'APRIII 1972a----u-ﬂ-~n----
Cx#tODIFIcD 8Y JEFE DANIELS1gl1G7e**urens
C

COMMON /BLOK2 / XM(75),YM(75),2M(75) .
cO#MON /RLOK4 / DRX(TS),DMY(T75),DNZ(T5)
cOMMON /BL0KT / F(75)

cOMMON ,POLY / NFRACES

DINERSION P1(75)

X0==X0
Y0==Y0
Z0=70
1I=at
PI=s2,0
IF(ILFL,KQ, 1) DI=1,0
400 I=1
200 COHTINUE
XIaXu(I)+X¥¢C
YI=Y®({1)+Y0
ZI=75(1)+40 ' ’
IF(IDFL 80,1, A0, T1 ,EQ 1) 2T7=2Z21=2D
IF(IDFL,EQ, 1 ALD, T, NE,1)Z21=71+7D
FQ1)S=DI*(XI#0NMX(T)+YI#DuY (I)+27#DNZ(T))
& JC(XI#X1+YI*YI+2TI%ZI)#%1,5)
c ~ .
100 IsI+1 .
IF(I,LE,NFACES) G TO 200
IF(IDFL,ei,0) GO 170 700

IF(IT . 60,0) GO TO 500 63
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800

500
1002
600
700

100

(@]

DO §00 IZ=1,NFACES

Fi1(IZ2)=¥¢C1lZ)
. Il=0
GO TO 400
pD g0U IZ=1,NFACES
FORMAT(SX,15,2(2X,£32,6))
F(IZ)=(F(IZ)+FI1(1Z))
CONTIMUE
RETURN
END
SUBROUTIME GAUS1Q (FUHNCT,2,R,Y)
THIS SURROUTINF USES A 10~POINT GAUSSLEGENDRE INTEGRATION
FORMULR TO COSPUTE Y =z INTEGRAL (FUNCT(X),.DX)
REFERENCES: THEREUORY AND PROBLEMS OF NUXMERICAL AWNALYSIS « F, SCHEID
SCHAUM'S DUTLINE SERIES, PP, 134=137,
HANDRGGK OF MATHEMATICAL CONSTANTS = ASRAMOWITZ AND
STEGUN = P,837, #25,4,30, AND P,916, TARLE 25,4
SUBROUTINE PARAMETERS:
FUNC = FUNCTION (EXTERIAL) TO nr INTEGRATIED
A = LOGER LIMIT OF INTEGRATION
B =z UPPER LIMIT OF IMTEGRATION
Y s SOLUTIUN RETURHED
--.---nsnuqnw-wc .I'.@AR!HETT-;---.-APRIL 19729--'--—-0--:--.-
DINMENSICY ZERO(5),COEFF(%)
DATA ZERU /,14887434,,43339539,,67540457,,86506337,,57390653/
&, COEFF /,29552422,,25926672,,21908636,,14945135,,06667134/
Y=0 U
Cl:(?‘-"AJ*OQS
C2=(A+B)*0,5
DG 100Q I=4,5
C3I=Ci#ZFRU(T)
YaY+C1#COEFF (1) (FUNCT(O24C3Y+FUNCT(C2=C3))
CONTLINUR
RETUKN
E!I'D

FUNCTION £X1(Q)

FX1 IS THE FUNCTION EXTRRMAL TC ROUYTH GR3ID AMND GI3D, WHICH IS
BODY«BURY OR BODNY«IMAGE IWTERACTINH TERHS,
uuuunumu-nn-n-nc'T.BARNE'TTQ,,'u,‘.‘P}'{IL 1972---=-«----..---=

COMMUN /BFX] 7 PB,Q0R,RuR1,K18Q,G1,G2,H1,H2

FAC1=GB*Q+RBK] 64
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FAC2=G2#0+H2
FAC3=G1x+41
FACA=(x24R18Q
FACS=PB#FAC4

FX1s(FAC1#FAC2=FACS5)/(FAC4*SQRT(FAC2#FAC2+FAC4))
= (FACLI¥FAC3=FACS)/{FACA#3QRT(FAC3+FAC3+FAC4))

RETURN
EMD
FUNCTION FX2 (G)

FX2 IS THE FUNCTION EXTERNAL TO H3D, WHICH IS CALLED RY SUBROUTINE
GAUSLC TO CcOMPUTE THE EXACT VALUE OF THE H ELEMENT,

ua-----a-.u-unnc|T.5ARNHTT‘---§ApRIL 1972"'““"'-.-'--”

COMMOH /%FX2 / R18Q,G1,G2,H1,H2

FAC2=G2%0Q+H2

FAC3I=G1#0Q+H{

FACA=C#Q+R15Q

FX2=ALOG( (FAC2+3ART (FAC24FAC2+FAC4) )/ (FACI+SCRT(FAC3I#FACI+FAC4)))

RETURM
END

SUBRULTIME QECOHP

THIS SUGSROUTINE USFS GAUSSIAN ELIMINATION WITH PARTIAL PIVOTIEG
TQ PECONPOSE A SUUaRE MATRIX INTQO UPPER AND LOWER TRIANGULAR
FACTURS, AS A FIRST STEP TO SOLVING a SYSTEM OF LINEAR EQUATICGHS,

REFERENCE « FORSYTHE,G,, AMD MOLER,C,B,, 1967, COMPUYTER SOLUTION
OF LINEAR ALGEBRAIC SYSTE!iS; PRENTICE~HALL, P, 68=70,

A
M

ThE MATRIX TO pPE DECOMPOSED (NUTEs Ih COMMUN HERE),
M0y OF ROWS I8 THE #ATRIX (ALSO IN COXMON HERE)D,

IF A SIMGULAR EATRIX 1S £MCGUNTERED, ERROR MESSAGES ARE PRINTED
DUT, awd THE BRIGRA® IS EXITED,
DEVICE 3pECIFICATIONS =i QUTEUT (ERROR MESSAGES) = IgUT1

--n--uuu-u-nnnnc'T.gARNETTu-e--APRIL 1972-----.--;-nn-a-

CCOMHMOY /RLOKLIS/ A(75,75)

COMMOM /NDECSAL/ IPS(78),UL(75,758)
Coxmn /13PECS/ I:01,%u2,I0UTt,InuT2,I0UT3
CiniGn /POLY /b

DIMENSTON SCALES(7S) 65
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INITIALIZE UL,IPS AMD SCALES

DO 102 I=i,N

IPS(1)=1

ROVWNRM=O 0

DD 108 S=i,¥

UL(I,J)=a(I,J)

TEST=ABS (UL(I,J))

IF (TEST, 5T ,RCWNRI1) ROWHRM=TEST
101 CONTIMUE '

L ] *

BOX 1 =w CHECK FUR SINGULARITY
IF (ROWHRM,LT,0,1E=30) GO TO 301

SCALES(I)=1,0/RO%WNRM
102 CONTIWUE

GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING
Mrilmtw] .
DO 106 K=i,NH)]
BIG=¢,0
PG 103 I=K,N
IP=1P3(I)
SIZE=ABS(UL(IP,K))#SCALES(IP)
IF (SIZE L& ,8IG) GO TC 103
BIG=SIZE
IDXFIV=]

103 CONTIMUE

BOX 2 wma (CHECK FOR SINGULARITY , , . .
IF (BIG,LT,0,1E=30) GO TO 302

IF (IDXPIV,EQ,K) GO TnO 10¢
J=IB3(K)
IPS{KI=IPS(IDXpP1IV)
1PS(IDXPIV)=J
104 KEz=IP3(K)
APIVOT=1,0/0L(KP,K)
KPi=x+1
DO 105 IzkPi,n
IB=IFP3(I)
EFssUL(IP,K)Y®APIVUT
UL{IP,K)s~EHM
DO 105 J=RPYL,HN
UL(IP J)=ULCIP,,J)+EM#UL(KP,J)
105 CnuTIHUE
105 CONTIHUR

BOX 3 w=e CHECK FOR SINGULARITY

KP=IPS(K)
IF (ABS(UL(KP,N)),LT,0,1E=30) GO TO 303

RETURY
0R, PRINT ERROR MESSAGES AND EXIT

301 IROX=!
GU TU 304 66
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N

302 In0OX=2
G» TO 304

303 1IB0OX=3

304 WRITE (I0UT1,12) 1BOX

12 FORSAT (1H1,//,5X,'s5I7GULAR MATRIX DETECTED IN SUBRQUTINE DECGOMP. A

&T BOX',12,//,5%,PROGKAH DISCONTINUED,!)
caulL EXIT
END

SUBROUTINE SOLVE (4,X)

THIS SUBRGUTIME SOLVES A SET OF LINEAR SIFULTAKEQUS EQUATIONS
AFTER THEIR #aTRIX HAS BEEH DECNAPOSEDR INTO UPPER AND LOWER
TRIANGULAR FACTORS (SEE SUSRDUTINE DECOMP),

REFERENCE « FORSYTKE,G,, AND MOLER,C,B,, 1567, COMPUTER SOLUTICH
OF LINEAR ALGERPALC SYSTENS: PREMTICK-HALL, P, 68=70,

H = NQ, NOF ROWS IN THE MATRIX
B = THE CONSTANT VECTOR
X = THE SNLUTION VECTOR

-n-—----n---nm‘c.T.BARHF;TT--!‘:-A?RIL 1972!’.0!“.0“‘!-‘--.

COMMON /DECSOL/ IFS(75),UL(75,75)
COMMGN /P3OLY /7 #H
DIMENSIOH B(75),X(75)

NP1=d+1

IP=IPS(1)

X(1)=5(I8)

DO 2 I=2,H

[P=IPS(I)

1¥1=1-1

SUM=0,0

DC 1 J=1, 11
1 SURSSUM+UL(TIF,J)#X(J)
2. X(I)=E(1P)aSUk

IP=JPS(N)
X(HYsX(NY/ULCIP, W)
DU 4 TBACK=2,N
I=NP1=I8ACK
IPp=1IPS(I)
IP1=1+1
SUM=n .0
PN 3 JsIpl,n
3 SUMzSUM+UL(IP,J)=*X(J)
4 X{I)=(X(1)~SUm)/UL(IP,1)

RETURN ~
END . 67



SUBRUUTINE NPAG3ID (DIP,Z0,YO0,AK, IPLOT,INGEX)

THIS SUBROUTIVE PRINTS CUT THE KEADIHG INFORMATIO! ON PAGES
SUBSEQUENT TO PAGE 1 (SKEE SURROUTINE IPAG3D FOR PAGE 1 DETAILS).

DIP = DIP ANGLE TO WHICH BODY HAS BEEN ROTATED,
20 = DEPTH 10 ORIGIN OF 80DY COUNRDINATE SYSTEM,
YO = Y«CUORDINATE CF PROFILE ACHCSS BUDY,

AK = THE REFLECTIUN COEFFICIENT,

oo nNnonNna A,

.a---“‘-qcn--wc.T.BARNETT'-.-QI\PRIL 1972-------:.-&.----!!

COs#ON ISPECS/ INg,12,10UTY,I0UT2,I0UT3
COMMON /DATIME/ LABEL(16),IDATE(2),ITIME,NPAGES, IPAGE

«3

WRITE (10YT2,11) IDATE,ITIME
11 FOR™AT (1K1,//,5X,'3~DIFMENSIONAL IP AND RESISTIVITY HMODELLING PROG
SRANMY,//5%,'DATE:  12AS,10X,'TI#E; ! ,A5)
- WRITE (ICUTZ2,12) LABEL
12 FORMAT (///,5%,!DESCRIPTION OF WoDPEL:!,4X,4A5,/30X,4A5,/30X,4A5,
&/30X,4A5)
WRITE (IOUT2,13) AK,20
13 FURMAT (//,5X,!REFLECTICGN COEFF, K =!,F8,5,/5X,'DEPTH =1,F8,2,
&/7)

(g ]

RETURN
END

aonann

SUBROUTINE ARAY3D (AK,BK,IDH,XPD,YPD,XD,YDn,20,Z0DA,Z%DB,16)
THIS SURROUTINE COMPUTES THE RESPONSE TO THE VARIDUS 4«ELECTRODE

ARRAYS,

{

NFACES = NO, OF FACES 10 THE POLYHEDRON

BK = FUSCTION OF THE REFLECTION COEFFICIEIT REQULRED TG COMPUT
THE IP RUESPONSE

XD Y0, Z0=50URCE ELECTRUDES

XpD,YPb= RECEIVER ELECTKQDES

MzUPPSR RECFRIVER RLECTRGDE

HeLOwER RECEIVER ELECTRCDE

A=sUPPEZR SUOURCE ELECTRCODE

BeLOwiER SOURCE ELECTRODE

oMo ann an 300N

CrravredapnrrsrrsreJEFF DAVIELS, ,FER, 197548455483 8R%% P EHE%
Crassenerenvexaasll3GS ) DENVERS ¥ # S # R H RS R B UFH A XL #
C
COMMON /BLUKL18/ HH(55,75),5S5(75),TT(75),5¢75),T(75)
comMmoN /POLY / WFACES
COMMOM/RESULT/ APRES(EM),APIP(50), AR, P8, 1R2,NSPA,ZPT
DOUBRLY PRECIIIOY DSUR,DTUM,RA,RT

68



21

163

120

110

90

i50

140

70

91

92

KelFIX(1i,/PS)

Y22 (YPU=YN) % (YFD=YD)

X2=(APD=X0)# (XPD=XD)

IF(AK,GT,2,) GO TD 90

21=0,0

b0 110 I=1,(IRZ=K)

Xtzw1] 5+FLOAT(I)*PS

XN=XM+1,0

XM= (XM=XD)# (XHwXD)

LHNS{XN=XD )Y % (XH=XD)

AMZSQRT (XM™4+YZ2+Z2DA#ZDA)
BM2SQRT(XMM+Y2+ZDH#ZDR)
ANZSQRT(XNNSY2+2DA%Z2DA)
BR=SGRT(XNN+Y2+Z0DB#ZDRB)

IFtAR,.NE,2) GO -TO 81

Azt 2408

Abzt K+08

CORTIXUE

DSU¥=G, 0D Q0

DTUHM=2,0n Q0

FORMAT(LX, tHH(I, 1) ,E12,68, 'HH(I+1,1)!,E12,6,'85(1)1,E12,6,
E1SEEY1E12,46) )
DO £29 J=1,NFACES

DSUR=DSUM + (SS(J)=S5(J) )+ (HK(I,J)y=RH((I+K),J))
DTYH=CTUMS (TTC(I)~T(SII*(HRECT s J) mHHC(I+K)Y 2 J))
RQAz1 ,/AMe], /BMal, /AN+1, /8N

ABRES(I)=1 0+DSUM/( (] /ANy, /Blml /At+L,/BN))
ApEp (XY=l ,,=AK#AR)Y#DTUM/ (2, # (1 /A=) /Bl /aM$] /BY)Y/APRES(I)
COMTISUE

GO TC 100

CCHTINUE

IF(ARHE,a) GO TD 70

DO 140 I=i, (IR2=K)

HeFLOATC(I)#PS

ZN=ZM+1,0

Ak=1 ,F+08

AN=1,5+4038

BuSSORT(XZ2+4Y2+Z%72m)

BHESWURT (X2+Y2+208%ZN)

DSUM=0,00+00

DTUH=O,0D+00

DO 150-J=i,FACES

DSUMzOSUNF (SS(J)=S(I)I*(HH{T,J)=HH{(I+K) »J))
DruMsDTUA+(TT(J) =T (J))* (HH(T,J)=HE((I+N),J))
RGz1, /Elel, /BH

APRES(1)=1,+DSUA/R
ApIp(Il)=(1l,-AK#AK)#DPTUM/(2,#RQ)/APRES(I)

GO 70 100

CONTIWUE

IF(AR,,EQ,6,) GO TO 92

IFCAR,EG,T7,) GU 10 93

Zr=0,9

1si=1

I532=1R2=K

GO TO 94

ZM=ZDA

YAE-VAVIE!

I51=1 69 -

I82=1
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94

95

96

64

130

e NONS NS (@]

aann

GO TO 94

X220,0

Y220,0

ZMeFLOAT(NSPA)+2DB

ZM=ZM+1 .

ISI=IFIX(Z:M/PS)

Is2=1S81

DO 105 I=15{,182

IF(Ag,GE,6) GO TU 95

I1=1

ZASFLOAT (I)*£S

Zh=ZH1+1,

CONTINUE .

IF(AR,6E,7) GO TO 96

X2=0,0

¥2=0,0

CONTIHUE

AMRSGRT (X2+Y2+ (ZH~=72DAY%(ZH=7ZDA))

ATMSURT (X24 Y24 (ZX+2DRI* (ZM+ZDA))

BMESURT (X2+4Y24(2¥=720B)%# (2 =~72DR))
BTMaSORT(X2+Y2+(ZA+Z2D0R )« (Z+1+4Z0R) )
ANSSORT(X2+Y2+(ZN=Z2DA)#(Z25=72DA))
ATNSSGRT(X2+4YZ24(ZY+20R) % (Z21:4ZDA))
BH=SQRT(X2+Y2+4(Zu=~2DB)* (Z:i=ZDR))
BINSSORT(RZ2+Y 2+ (ZN+LDB)# (ZHEZNRY)

IF(AR,HE,3) GO TG 54

Ax=1,0E+08

ATh=1 0E+08

AM=1,0E+08

ATN=] ,(0E+038

CONTINOE

EA=DBLE(1,/aM) =DALE(L,./BM) =DBLE(1,/AN) +DBLE(L,/3N)
RT=DBLE(1,/ATH)=0RLE(L,/BT#)«NRLE(L,/ATH)+DBLE(L,/BTN)
D&U®=9,0D 00

pTU=0,0D 00

IF(AR,EQ,8) 11=I&

IF(AR,EQ,7) I1=IFPLX(Z4/FS)

DO 13¢ J=1,NFLCES

DsUMEDS M+ DRLE (88 (J) =g (J)Y%DBLE(HE(IL,J)=HEC(I1+8),d))
DTUM=DTUM+DBLE(TT(J)«T(I)}I#DBLE(HE(IL,J)eFH((I1+K),J))
IF(AREG,3,0R, AR, EQ,5) GO T0O 107

APRES(IB)= 1,0 +DSUM/(RA4FT)

APIP(If) =] UmAK#AK)Y#DTIM/ (2,2 LRA+RT))/APRES(I5)
GO TO 105

~AFRES(1)=1,+D3UM/(RA+RT)

APIp(l)a(l  »AK®AR)#DTUM/ (2, # (RA+RT))I/ZAPRES(T)

5 CONTINUE

CONTINUE
RETURW

END

SUBPOUTINE OUTPUT (IDW,IFLUT,YPD,YPD,XD,YD,ZD,2DA,%DB)

n.-&-u»nuva---—.c'T.RF\RNETTanqenAPF JIL 197 2cnmmmocanansa

FR#BREMODIFING BY JEFE DANIELS, 19754#p4anpyssi iansnais

70



COMMON JISPECS/ I%Mi,1M2,10UTL,I0UT2,I0UT3
CONMYDMN/RESULT/ APRES(50),APIP(S50),AR,PS,IR2,NSPA,ZPT

c
12 FORMAT (4F15,8)

¢ .
c
C
c THIS SECTION GUTPUTS RESULTS FRGM THE DOANHOLE CONFIGURATION
c

: K=IFIX(1,/08)

IF(AR,EG,1,.) GO TC 400
IF(AHR.ERQ,2,) GO TO 200
IF(AR,EQ,3,) GO TG 3090
IF(AR.EG,4,) GO TN 400
IF(AR,EQ,5,) GO TC 500
IF(AR,EG,6,) GO TC g00
IF(AREQ,7,) GU TC 700
¢ HOLE=BRIPOLE SOURCE,SUNFACE RIPOLE RECEIVER
100 WRITE(IOUTZ2,101)
WRITECICET2,102) 7ZDA,ZDE,XD,YD
WRITE(ICUT2,106)YPD
ARITE(IDUTZ2,103)
DO 104 IX=1,(IK2«K)
XPz=m11,0+FLOAT(IX)*ES
104 WRITE(ICUL2,1C5) XP,APRES(IX),APIP(IX)
GO TO 190060
CruaedaRebtttesgss
¢ AURIED PULE SDURCE, SURFACE BIPQOLE RECEIVER
XTI LTI LEES-TETLE X
200 WRITE(IOUT2,201)
WRITE(IOUT2,102) 7ZDA,ZDR,XD,YD
WRITE(LCUTZ,1C6) YpD
WRITE(IJUT2,103)
DO 204 IX=l,(IR2=X)
XP==11,C+FLOAT(TX)*PS
204 WRITE(IDUTZ,105)XP,APRES(IX),APIP(IX)
GO TO 1000
Coar 3 3% 4% % 3% 3 5% % 5t % %
€ RURIED POLE SOURCE, BURIEDR BIPULE RECEIVER
Croxdsedtredseasdss
300 WRITE(IQUTZ,3C1)
WRITE(ICUT2,102)2ZDA,4ZNR, XN, D
WRITH{IOUT2,302) XPD,YPD
WRITE(10UT2,303)
DO 304 IxXzyg,(IR2=k)
Z2P=0,5+FLNAT(IX)*ES
3oa wRITE(IOUTZ2,105) Z?,APRES(IX),APIP(IX)
, GO TO 1Go0
Crm st et e
C SURFACE PRLE SOURCE, RURIED RIPOLE RELEIVER
CResddtterpensieesy
400 WRITE(ICUTZ2,401)
WRITE(ICUTR,803) XD,YD
WRITECICUTZ2,3C2) XPL,YPD
wRITECLIOUT2,303) .
PO 505 IX=1,([R2=R)
ZP=0,S+FLOAT(IX)#PS
505 WRITH(ICHUT2,105) 72 ,AFRES(IXN)  ARPIP(IX)
Gu TO 1000 71



.

Cresdtdatyeithest
C RURIED R1PQL.E FIXED SOURCE, BURIED EIPOLE RECEIVER
CrExansrsnsidiny
500 WRITE(IOUT2,501)
WRITE(ICUT2,102) ZDA,ZLR,XD,YD
WRITE(INUTZ2,362)XPD,YPD
WRITECIOUT2,303)
PG 504 IX=1{,(JR2=1)}
ZP=0,5+FLNAT(IX)%PS
504 WRITE(IOLTZ2,105) ZP,AFRES(IX),AP1P(1X)
GO TL 1000
C 3 3 3.3 3% 3 3 3 3¢ 3 34 3 % 3
C BURIED RIPULE HOVING SOURCE,RURIED FIPOLE RECEIVER
Coesiipesestsesdns
600 WRITE(IOUTZ2,601)
WRITE(IDUT2,603)3XD,YD
WRITE(IOUT?2,302) XPD,YPD
WRITE(ICUT?2,303)
DO 602 IG=1,(IK2=XK)
ZP=0,S+FLOAT(IQ)*PS
602 WRITE(ICUTZ,105) ZP,APRES(IQ),APIP(IQ)
GO TO 1C¢00
(R 2 XTETELELLE L LT
 SINGLE HOLE pIPOLE-~BIPOLE CONFIGURATION
CCHERRARRFE L RE SN
700 WRITE(I1CUT2,701)
WRITE(IRUT2,7C3) X3,YD
WRITE(IDUT2,3923)
IRPI=IR2=IFIX(C1/FPS+NSPA/PS)
DG 702 Ia=1,IFpi
Zp=FLOUAT(HSPA)/2+PS*FLORT(IQ)+1,
702 WRITECIQUT2,105)ZP,APRES(IQ)  APIP(IAQ)
1000 COwTInUE
105 FORMAT(Z2X,F8,3,2(2X,E12,5))
101 FORMAT(Z2X,30(%1),/,2X,'p'IRIED RIPOLE SOURCE,SURFACE
&BIPOLE RECEIVER!,/,30(¢1xt),/) . .
201 FORMAT(2X,300'#Y),/,2%,'BURIED PQLE SOURCE,SURFACE
&BTPpOL¥ RECEIVER!',/,30(t%1'),/)
301 FRRMAT(2X,30Ct*'),/, 2X,'B8URIED POLE SOURCE, BURIED BIPQLE
&RECEIVER':/'BOC'“')l/)
401 FORMAT(2X,30(¢t*1),/,2X,'SUKkFACE POLE SQURCE,BURIEDR BIPOLE
& RECEIVER',/,30(1%!1),/)"
501 FURMAT(ZX,30(Vs4),/,2%, 'BURIED BIPCLE FIXED” sOURCE, BURIED
&BIPOLE RECEIVER!,/,30(1%Y), /) '
601 FORMAT(2X,30C'%'),/,2%X,!'BURIED BRXIpOLE MoVInG SQURCE,BURIED BIpQLE
S&RECEIVER!,/,3C('»*"'),/)
701 PORMAT(2X,30¢'*1),/,2X," SIMGLE HOLE,BIPOLE=BIPOLE!,/,30(!%'),/)
102 FORMAT (2X,1UFPER SOURCE=Y,F10,3,/,2X,tLUKER SOURCE=1,F10,3,
§/ 42X ' A=SUURCE= "y F19,3,/,2X,1Y¥=S0URCE=!,F10,3,/)
106 FORMAT(RX,'YmERNFILE=,F10,3,/)
103 FPORMAT(2X, " X=FECEIVIR! , 2X, ' APPARENT ', 5X,  APPARENT 'y /s 2%y
ETPOSITICN! 4Xy 'RESISTIVIIY !, 2X, 'ROLARIZABILITY!, /)
302 FURMAT(2X,'X«RECEIVER=',F10,3,/,2X, ' Y=RECEIVERS!,F10,3,/)
303 FORMATIEX,'RECEIVIR! p 2%, 'APPAKENT ' 5K, VAPPARENT!,/,5%, 'DEPTH!
GEX VRESTSTIVITY !, 2X ' PULARIZARILITY Y, /) '
603 FORFAT(Z2X, ' X=SUUKCE=!,F10,3,/,2X,'{=S0UKCE=!,F10,3,/)
703 FORYAT(2X, ' X=POSITINN OF HOLE=!,F10,3,/,2X,'Y=
£PQASITION QOF HOLE=!',¥10,3,/)
RETTIRN
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C*****;‘*§******** SUBROUTINE RUDYID #4wsubiiXaiersh

C .

c TH1S EUEPRAOGRAM CALCULATES POINTS FUR 3=DIMENSIOCNAL BODIES,

c THE BASTIC BODY 18 AN ELLIPSOID, A SPHERE MAY BE

o GEUERATED BY vAKING A=BaC, OUTPUT I3 In THE FORM OF CONTOURS
o] OF (X,Y) VALUES AT % VALUuS, THF OUTPUT IS DESIGNED TOQ BE USED
C WITH IP30DH,TRE CENTER DF THE B0DY IS ZERO,

C

c PARAMETERSS _

c ASMAXILUR X=DIPECTION UF RODY(HALF=WILTH)

c BebAXIKUY Y-DIKECTICN (F BQDY (HALFe«IDTH

c C=MAXINUM Z«DIRECTION OF RBOGDY (HALF=wIDTH)

c DEL=SEPERATIUN OF 2 POISTS(SEPERATION OF COMTDURS)

c =(Cx2)/74

o PARARMETERS A,B,AND C ARE EEAD FROM DISK,DEL 1S COMPUTED

¢ :

o JEFF DANIELS

¢ USGS DENVER

c HARCH 11,1975

c

SUBROUITINE 80ODY3D

DIMENSION XC(100),¥Y(C100),VX(1002),VY(100)
EpVXS(10),VYS(LQ)
COMMON/BLOKI2/MC1, Y

COMYON/RODY /VXACLI00), VYAC(L0Q) 2(5)
InN=33 '

READ(IN,0)A,B,C

DEL=(C%2,)/4,

HC=%

ICA=0O

IC=¢

DO 21 I=1,MC+1

MzTel '

Z{1)==C+n2DEL
XMaSORT(A#A% (1 ,=2(Iy=Z2(1)/(C*C)))
IF(XiEG,D,0) pp=l

IF(Xii ,ED,9,0) GI TO 42

DELI=X!1/3

MM=23

42 DO 20 J=1,MH
Led={

() mimmLeDEL]
Y(JIREORT(R¥B# (L, ~Z2(T)*T(1)/(C¥C)=X(JI¥X(J)/ (a%A})))
IC=IC+]

VY(IC)=Y(J)

20 CONTIUE .

IF(I,50,1,0R, I ,EQ,(NC+1)) GO TO 24
IC=1C+1
VX(ICY=0,0
VY(IC)=SGRT (B ¥Bx(1l,=2(1)%Z(1I)/(C%C)))
DG 22 k=1,MM
X(hM4R)zaX (HMnK+ 1)
Y(M¥4K)nY (HV+1mb)
IC=1IC+1
VX(IC)=X(MH+K)
VY(IC)RY (M4 K)

22 COUTIHUE

Miam= ¢ MMa ] 73 B



IFCICA,EQ,0) KG=3
IF(ICA,GT,0) KG=2
DO 23 Kfzi,MMM$LL
IC=IC+1
VX(IC)=VX(MMM+ICA~KB+KG)
VY(IC)==VY (MMM GICA-RKB+KG)
23 CONTINUE
ICA=1IC
24 1F (MM EQ, 1, OR MM EG, (NC+1)) MMQ=MMP 4|
21 CONTINUE
30 CONTINUE
HNYy=(IC=2)/(NC=1)
NCi=NCel
NCC=NC1#nNV+2
VXA(LI=VX(LD)
VYA(1)=VY (1)
Ie=2
DO 700 I4=1,NCH
I8=I4+1
IST=14
DO 8¢O I7=t,IST
VXSC€I7)=vX(I6+17~1)
8OO VYS(I7)=vY(I&+[T7=1)
DO 600 Is=1Q,NV
VXACIG)=VA(IE+IaT)
VYARCIG)Y=VY(I6+IST)

- 600 I6=T6+]

DB 900 19=1,IS5T
VXB(I6)= u(a(IQJ
VYA(IS)=VYS(IS)
800 IesIv+l
700 CONTIVUFE
VXA(IC)=VvX(1C)
¥YA(IC)=sVY(IC)
HRITE(L15,2u1)(Z2¢(IL)Y,1L=1,5)
WRITE(LS, zulJ(V\A(IL);\VA(IL) IL i, IC)
201 FORMAT(2(2X,E12,6)) L
6 FORFAT(3F) o
RETURN e
END /
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